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SPECIAL FEATURES 
A preview of the I.E.A. Show 


CONTROL takes an advance look at this year’s big exhibition for control 
engineers 


Polaris fired 


BASIL CLARKE, the only journalist there, saw and photographed 
the first firings of the Polaris missile from under the Atlantic 


Automating the glass industry 


After 2000 years without changing, says Dr. D. K. HILL of the 
B.G.1.R.A., the glass industry has been completely revolutionized 


Process control by computer—I 


In the first of two articles, R. A. MORLEY and M. B. WOOD of 
Ferranti introduce the arguments for digital process control 


Load cells in industrial weighing—4 


Concluding his critical examination of load-cell engineering, Dr. R. B. 
SIMS of Davy-United discusses a number of industrial applications 


Solid-state relays and switches 
D. H. ROBERTS of Plessey introduces the new solid-state devices, 


which he expects to replace thermionic valves and electromechanical 
relays in many industrial control applications 


Control at Cranfield 


CONTROL reports a visit to the College of Aeronautics, which now has 
some of the world’s best teaching laboratories on control and simu- 
lation 


Hydraulic servos—D 
Continuing his detailed account of g.w. hydraulic servo-mechanisms, 
P. D. BOYER of English Electric deals with actuators, pick-offs, and 
special problems of flow rate and oil dissipation. He then outlines a 
typical approach to design 


Back and forward 
G. M. E. WILLIAMS of the Northampton C.A.T. gives the pith of 


three lectures just delivered in the U.K. by Professor A. G. 
IV ANHENKO of Kiev 


An unsolved problem 
CONTROL reports a Symposium on data handling in air traffic control 
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Magnetic tape will record more data, faster, more 
accurately than any other medium. 


The Solartron LW 980 Magnetic Tape 
Recorder-Reproducer System has been 
introduced for evaluating behaviour of complex 


dynamic systems — either industrial or military — by 
precise recording of multiple input signals, for sub- 
sequent reproduction and analysis. 






Hcg 


% Frequency range DC to 100 Ke/s. 
%* Multichannel input and output facilities. 


% Record Time up to 84 hours with Tape 
Speeds 1} to 60 ips. 


%#* Input: 0.5 to 25 V, rms; Output: Nominal 2 V rms. 


%#* Environmental Range 40° to 95° F at 
100°% Humidity, Corrosion - Resistant throughout. 


write now for literature to: 


THE SOLARTRON ELECTRONIC GROUP LTD 
Victoria Road, Farnborough, Hants. 
Tel: Farnborough (Hants.) 3000. 
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MAGNETIC STORAGE DRUMS 

An impressive exhibit of an automatic telephone system built 
by the Automatic Telephone and Electric Company Limited, 
and incorporating Sperry magnetic storage drums, illustrates 
one aspect of this new Sperry technology. The latest develop- 
ment in magnetic storage drums will also be shown, namely 
the Type C range, providing capacity for over 4,000,000 bits 
of information in one multiple unit. 


NUCLEAR CONTROL & INSTRUMENTATION 
Specialised control and instrumentation equipment has been 
developed by Sperry for nuclear reactors. Major examples of 
this work are included on the Sperry stand at Olympia. 
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INSTRUMENTS 


ELECTRONICS 


AUTOMATION 


NON-DESTRUCTIVE TESTING 

The Introview non-destructive testing instrument, manufac- 
tured and marketed by Sperry under licence from I.C.1. Ltd.. 
has been substantially developed to widen its range of appli- 
cation into the testing of stainless steel tubing as well as 
non-ferrous materials and components, either in service or in 
manufacturing plants. 


ELECTRO-HYDRAULIC SERVO SYSTEMS 

Development of Sperry electro-hydraulic servo systems for 
automatic control of machine tools and other specialised 
machinery continues. The exhibit at the I.E.A. introduces a 
360° copy milling system which is capable of milling to a 
template within 0-0002 in. at a feed rate of 20 in. per minute. 


SERVO COMPONENTS 

Synchros, small servo-motors, motor-tachos and tachogen- 
erators, linear and rotary pick-offs and other similar servo 
components have been part of the Sperry range of products 
for some time. Now being introduced is a new long-stroke 
linear pick-off for travels of + 1, +2 and + 3in. with a 
linearity of the order of 1%. 


STAND No. C.10I 
OLYMPIA, MAY 23 
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@ ACand DC Solenoids 
@ Transformers & Chokes 

@ Coils & Coil Winding Machines 

@ Warner Electric Brakes & Clutches 
@ Elcotron Eddy-Current Couplings 
@ Small Motors & Generators 

@ Control Gear 

@ Sparkless Switches 

@ Air Conditioning Units 


STAND Q725 


LONDON 


’ 2 Ashley Place, Carlisle Place, London, S.W.1 
ST. HELEN’S AUCKLAND, CO. DURHAM | 72 Ree eat ol 
Telephone: West Auckland 551 (6 lines) 


t BIRMINGHAM 
Telegrams: Solenoid, West Auckland. 7 Newhall Street, Birmingham, 3. 


Telephone: CENtral 3901 
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aN MICROCELL ELECTRONICS 
BLACKWATER ESTATE 





microcell 
electronics 


Microcell Electronics facilities for Industry are comprehensive and are now 
available for manufacturers of commercial electronic equipment. 
A highly qualified staff of Researchers, Development and Production Engineers 
and Drawing Office Personnel, backed by the full resources of the Company’s 
Blackwater estate, offer a complete service for Design Study, Development, Original Research, 
Production and Environmental Testing. Manufacturing capacity at Blackwater is 
equipped to produce either the “ one off" special or larger quantities by the latest 
mass-production techniques. 


Engineers and Senior Executives are invited to write to the Sales Manager 
at the Company's Kingsway address for further details. 


electronics 


A Division of Microcell Limited 





9 Kingsway, London, W.C.2. Telephone: Covent Garden 1262 
Factory and Laboratories, Blackwater, Nr. Camberley, Surrey. Tel. : Camberley 3641 


SEE US ON STAND C108 AT THE 1.E.A. EXHIBITION 
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heat wave... 


HOLTZER-CABOT MOTORS 


provide unfailing power for control 


Even Holtzer-Cabot Motors haven’t solved America’s traffic 
problem. But they are helping to minimize it by providing traffic- 
light sequence control that can be relied on under every kind of 
weather. In many other countries, these efficient synchronous and 
induction motors have proved themselves for varied applications, 
in ambient temperatures ranging from o°C to 70°C +. Overa 
million have been installed in specialized servo control and 
measuring equipments and many are on duty twenty-four hours 
a day, seven days a week. 


@ PUMPS @® SEQUENCE-TIMING EQUIPMENT @® MOTORISED VALVES @ FANS 
@® TENSIONING AND WINDING EQUIPMENT @ STRIP CHART RECORDERS 


Ask for detailed information on these rugged precision-built motors — 
available for speeds from 1500 rpm down to 4 rpm, voltages to 250 v, 
special windings if required. 


2 a ; @) : Y anibcieenanen DIVISION 
ELLIOTT BROTHERS (LONDON) LTD 


CENTURY WORKS, LEWISHAM SE13 
ZF , MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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GO@8D £10 million 48 acre paint trim and assembly plant— 


SQUARE D gear controls vital 10 miles of flow line 





Square D plays a key part in this new plant—the most 
advanced of its type to-day. Its selective conveyor 
system was designed and installed by Geo. W. King Ltd. 
in co-operation with Ford engineers. 


Square D was specified for the plant’s complex range 
of automatic flow line operations. Two central control 
rooms, together with several local consoles designed 
and built by Square D, supervise the entire handling 
system. Hundreds of Square D 2-unit push button 
stations and limit switches are heavily worked in this 
up-to-the-minute example of automation in 
One of the two control rooms which tracks and controls the the motor industry. 


movement of car bodies on the automatic transfer system 
through the paint shop. All breaks and changes in flow are 


registered and conveyor speeds regulated from this Square LEADERS IN CONTROL GEAR FOR OVER 50 YEARS 


D panel. 


SQUARE Opens 


CONTROL May 1960 
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Local consoles sited throughout 
the plant supplement the two 
central control rooms. Here the 
transfer between primer and 
final enamel sections is super- 
vised. 


The system of indexers regu- 
lates the flow of bodies over the 
conveyor bridge and into twin 
storage lines before the phos- 
phating process. Each line of 11 
bodies is fed alternately by 
automatic selection. 






























CHEYNEY MANOR SWINDON WILTSHIRE 


,. - Wherever electricity is controlled 


A Complele LINE 
OF SQUARE D 
ELECTRICAL 

CONTROL 

EQUIPMENT 


A. C. RELAYS 

COMBINATION STARTERS 
CONTACTORS 

CONTROL CENTRES 

D.C. RELAYS 

ENGINEERED CONTROL SYSTEMS 
FOOT SWITCHES 

LIMIT SWITCHES 

MACHINE TOOL CONTROL 
MOTOR STARTERS 

OIL-TIGHT PUSH BUTTONS 
PRESS CONTROL 

PRESSURE SWITCHES 
REDUCED VOLTAGE STARTERS 
SNAP SWITCHES 

TIMERS 

VOLTAGE TESTERS 


FIELD ENGINEERING SERVICE 
is available through Square D offices in 
LONDON: BIRMINGHAM 
MANCHESTER - GLASGOW 
NEWCASTLE : 

AND LEEDS 


BRISTOL 
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DELICATE CARGOeS 


travel better with 


Modern electronic equipment is too delicate to face even normal travel hazards. Unless it is scientifically packed and 


cushioned many thousands of pounds worth of work and effort can be rendered useless. 


The Hairlok Laboratories have every facility for studying, planning, designing, testing and constructing every form of 


special packaging using Hairlok as a basic cushioning material specially moulded to firmly hold and protect your product. 


Hairlok is the finest rubberised hair, and is the most suitable material for electronic packaging purposes. It can 
be moulded in any density to meet the most stringent specifications and can be combined with individually constructed 


outers to withstand the rigours of all forms of handling and transit. 


SINGLE COMPONENT... 


Simple HAIRLOK 
cushioning for an 
expensive item of 

equipment with its 

tailor-made box. 


TO COMPLETE COMPUTOR 





Complicated data-processing 
equipment like this National 
Elliott System has been successfully 
packed with HAIRLOK for 
transportation to the other side 

of the world. 








THE ECONOMICAL ATLAS SYSTEM... 


. .. consists of a range of standard modules 

or units which can be combined in many 

simple ways to protect a variety of shapes and 

sizes. Some of the modules and the shapes 

that can be accommodated are shown here. @ 


For literature and further details, write or phone: 


THE (rie COMPANY L TD. Magna Works, Kathie Road, Bedford. Tel. Bedford 4271 
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SPECIFICARRRER 
Type A 12-12 
» A24-24 
Number of channels "A 48 -48 
» A%%-96 
Sampling rate -160 milliseconds per channel. 
Maximum decimal digit output rate-25 per second. 
Output code —International Teleprinter, 
or to order. Analogue to digital overall accuracy — 
better than + 01%. Input resistance-1 megohm. 


POWER REQUIREMENTS 
Normal 240V. A.C. single phase 50 cycles at 1.5 kW. 


Alternative 110V. D.C. (converter extra). 
Alternative 24V. D.C. (converter extra). 


tio 


D 





electronics 
A Division of Microcell Limited 


9 Kingsway London W.C.2. Tel: COVent Garden 1262 
Factory and Laboratories, Blackwater, Nr. Camberley, Surrey. Tel: Camberley 3641. 





Stand C108 1.£.A. Exh 
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New 
Selector 


He 


GS10G 


simplifies 
multi-stage 
bi-directional 


counting 


Multi-tube bi-directional counting has always been an involved and 
expensive procedure requiring the use of many components and careful 
circuit design. The need for this facility has become increasingly apparent 
with current developments in electronic weighing, machine tool control, Max. Counting Rate 
shaft position indicating, computing and similar techniques. Max. Anode Current ... 
In these and allied fields the answer to multi-stage, bi-directional counting Max. Output Pulse with 
is the GS.10.G—the latest addition to the well-known Dekatron range. CIT GURSTENES 
Incorporating ‘‘routing guides’’ to provide glow-direction sensing, inter- oie ee eee 
ouble Pulse Drive — Duration 
decade coupling becomes simple and requires no gating. See us on Stand D153 at the 
Readout can be made directly from glow position as in other Dekatrons ane ; 
but for ideal remote presentation we recommend one of the Digitron 1.E.A. exhibition, Grand Hall, Olympia 
register tube series. from May 23rd—May 28th 
Increased ruggedness, even greater reliability and smaller size are 
additional design features which will appeal to the ‘‘electronics’’ designer. 


PROVISIONAL DATA 


Enquiries should be addressed to:- 
TECHNICAL SERVICES DEPT. 


ASS O@)\— TUBE DIVISION 


S82 és TO. .N NOTTINGHAM 


DEKATRON AND DIGITRON ARE ERICSSON TRADEMARKS 


ERICSSON TELEPHONES LIMITED 
Head Office: 22 LINCOLNS INN FIEL DS, LONDON, W.C.2. Tel: Holborn 6936 
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PLASTICS 






















The liners of modern refrigerators are moulded 
complete in one operation in high impact poly- 
styrene. The injection moulding machines used in 
these operations are, it is claimed, the biggest built 
in the United Kingdom, and employ Vickers- 
Armstrongs ‘“‘VSG” variable delivery pumps. 
Developments in the Plastics Industry continue at 
an ever increasing tempo, with new methods and 
machinery continuously being evolved to improve 
manufacturing standards and to increase the scope 
of moulding techniques. The use of these pumps 
5 in this highly specialised industry is a further 
example of the many and varied applications of 
“VSG” equipment which have been serving Moulded for Frigidaire by Ekeo 


; AP335 
modern industry for over fifty years. Sate 90. Smnene AE 
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SERVING MODERN INDUSTRY 


Regd Trode Mark 





VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 
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A machine to crack a nut, any nut, any size, any thickness of shell—a bit unwieldly perhaps, a bit heavy, 
but it would positively do the job. Inventors of yesterday, with all their technical limitations, often 
showed surprising ingenuity in overcoming their mechanical problems. 


SOLENOIDS 


Today, when the problems are so much more complicated, the 
solution is often much simpler—get in touch with Varley’s. 

If your problem is pushing, pulling, punching, prodding, ata 
distance or automatically, the answer, proved many times in 
many fields, isa Varley Solenoid. 





Type ‘C.M.’ (Illustrated) 





A robustly constructed solenoid for industrial applications, supplied to pull or thrust 
3 lbs. to 32 lbs. through }” to 2?”, depending on rating. Can be supplied with built-in 


Terminal Box and Contact Cooled Rectifiers for continuous rating on most A.C. Voltages, 
This range is C.S.A. approved. 


Por full details of Varley Solenoids, write for Illustrated Catalogue S.3. 


OLIVER PELL CONTROL LTD 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, LONDON S.E.18 TELEPHONE: WOOLWICH 1422 
Telegrams: Olipel, London S.E.18 


16 Tick No 15 on reply card for further details CONTROL May 













e world s smalles 


Lic 
at 


one of th 





















DIODES 


MULLAR 
OAZ02 


Generously rated 

Wide temperature range 
High back resistance 
Ideal for automatic wiring 
Rugged construction 
ECONOMICALLY PRICED 


Despite its extremely small size, the Mullard 
Silicon Junction Diode OA202 will handle peak 
currents of up to 250 mA at 25°C. Apart from 


Brief electrical data is given below. For further information please 
contact Mullard House. 


Abridged Data (at 25°C unless otherwise stated) 








other favourable electrical and mechanical charac- Max. peak inverse voltage...___--— eT 
teristics, the OA202 is distinguished by its cost oe eee ee eee = om 
which is kept at the lowest possible level by very *Average forward current (sinusoidal input 

large scale production. with resistive load)... 80mA 


This all-glass diode is hermetically sealed and 
really is a rugged device. It is made in exactly the 
same way as the Government Type Approved 
CV7040, whose rigorous specification includes 
temperature cycling, climatic cycling, fatigue and 


Typical forward voltage ‘drop at 30 ania sikeominpeten 0.9V 
Inverse current at —150 volts: 

Maximum at 25°C.....-.0- 0.1nA 
II BUTI a sinieseceicticieatinncrocasinintitnicignleens "Se 
Ambient temperature ran ge...ncccccnnnmnmsnnennnn =§§ tO +-125°C 

* Max. averaging time 50 millisecs. 
(An alternative type, OA200, is available for lower voltage applications.) 










S 
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shock tests, 1000 hour life tests and high tempera- 
ture storage. 
























See Mullard Semiconductor Devices es oe 
on Stand M559 at the u rs | 4 
INSTRUMENTS, ELECTRONICS YA 
AND AUTOMATION EXHIBITION 
industrial 
= MULLARD LIMITED - SEMICONDUCTOR DIVISION 


MULLARD HOUSE - TORRINGTON PLACE - LONDON WC1 semiconductors 


TELEPHONE: LANGHAM 6633 
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Electrical Aids in Industry 


Light-Sensitive Gells 


What are light-sensitive cells? They are devices 
which can sense and measure changes in the level 
of light or, in some cases, respond to the quality of 
light falling on them. There are various types of 
cell and each has its particular field of use. One of 
the best known is the photo-electric cell. 


What can light-sensitive cells do? A change in the 
amount of light falling on the cell can cause a 
switch, relay or counter to operate. Alternatively, 
the direct indication of the light intensity can often 
allow some other factor to be determined and, if 
required, controlled. They are reliable and require 
little maintenance. Careful installation, as with all 
types of equipment, gives a good reward. 


How can they be used? These cells have many 
applications in industry, for controlling processes, 
for inspection and measurement, for sorting 
material and for safety purposes: 


Counting 


Where objects on a conveyor belt are too soft or 
light to operate a direct mechanical counting device, 
where they are too delicate or freshly painted to 
sustain physical contact or 

iN where the articles vary in 

size, a light-sensitive cell 
can be used. This counts 
the objects by interrup- 
oO tion of an appropriately 

: sited beam of light. 


Hopper or Tank Level Control 


Many forms of feed can be accurately controlled by 
light cells. One important one is for controlling the 
input to a hopper of fluid 
solids such as sand or peas. 
Here, two horizontal light 
beams are required: the 
upper, when interrupted, 
indicates that the hopper 
is full and stops the supply; * 

the lower, when it ceases to be interrupted, indicates 
that the hopper is nearly empty and restarts the flow. 





Package Content 
The level of powder in packages can be checked with 


light cells. The cell is so positioned that when the 


D Cj a) gi) 


» 
. - 


we wae 


powder is up to the required level, the light reflected 
from the surface of the powder is picked up by the 
cell and causes the carton to be accepted. If not, it is 
rejected. 
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Data Sheet NO. 8 


Colour Sorting 


The quality of many articles can be gauged by their 
colour—seeds and nut kernels, for 
instance. The objects are fed into 

0 a tube by means of a vibrator pan 
and fall into the beams of three 
equally spaced light cells which 
scan them from all sides. If the 
object is acceptable it falls into a 
chute carrying it to one conveyor; 

. if its colour is bad it is deflected 
ee; as a reject. 


00/000¢00 
° 


Guillotine Guard 
Light cells for guarding a Vi) 


guillotine or power press 

should be used only as a sup- 

plement to a mechanical guard 

or where the latter is imprac- 

ticable. The interruption of a 

curtain of light by a hand stops 

the machine instantaneously. iy 
Press Feeding 

Where the rate of feed of strip metal must be suited 
to a varying speed of accept- 
ance by a press, a loop of the 
strip is allowed to sag between 
the feed and the press. When 
the loop reaches a predeter- 
mined depth a light beam is 


interrupted and the slack is 
taken up. 


-- 





Processing Objects on the Move 


Many articles are processed while on a conveyor 
line. For instance, where articles are to be sprayed 
while on the conveyor, the 


paint saved by stopping — 
the gun between articles ar : “i 
will make the device 
worthwhile. The same 
= 
o- 


principle applies in a 
bakery to the spraying of 
baking tins with fat. 


Automatic Door Opening and Closing 


Doors can be caused to open or close by the inter- 
ruption of a beam of light. This has its uses in such 
cases as control of doors on a heating oven or for the 
passage of vehicles in a factory. This 

o is effected by a light beam on the 

i 7 side from which the approach is 
Goad .“ made (in many cases, both). When 
‘, the approach beam is interrupted it 


opens the door which closes again 
Oj f after a given time interval. 


p------------------ 


Find out how electricity can solve your 


production problem at the... 


| 
| Electricity Stand F250 
! 
| 
| 


INSTRUMENTS, ELECTRONICS AND 
AUTOMATION EXHIBITION, OLYMPIA 


Issued by the Electrical Development Association 
2 Savoy Hill, London, W.C.2 
Tel: Temple Bar 9434 
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Ventonile 


electronic control 
yet again provides the answer 















PLYMOUTH GUILDHALL 
Consulting Engineers: Hoare Lea & Partners 


The Ventonik electronic temperature control equipment 
installed at the re-built Plymouth Guildhall illustrated 
above represents the use of the most modern techniques of 
control including the use of thermistors and ‘thermal reset’ 
for plant anticipatory action. 

With the minute size and the tremendous mechanical 
strength of the thermistor it was possible to position these 
in the base of the magnificent chandeliers ensuring the most 
accurate points for the detection of temperature change for 
the accurate control of comfort throughout the Guildhall. 
Using printed circuit technique, plug-in amplifiers and thermistor detection units, with the styling by an 
industrial designer, the Ventonik units represent the finest electronic control system currently available. 
Installation is superbly simple and the inter-connecting wiring can be of standard form without shielding. 


Why not let YOUR Engineers discuss this system with us and obtain the financial benefit of efficient and 
economic plant operation. 





automatically first for 
0m. A = design - engineering - installation 


THERMOCONTROL INSTALLATIONS CO. LTD. Blackfriars Rd., London, $.£.1. | WATerloo 7356 (6 lines) 


So efficient-Now again selected for the Plymouth Civic Centre 
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who is buying 
the IBM 1401? 


The IBM 1401 
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Orders have now been received 
from the following:— 


* Bank of Scotland 
* Cheshire County Council 
City of Plymouth 
Cc. & J. Clark Ltd. 
Coty (England) Limited 
Durham County Council 
* Esso Petroleum Company Limited 
Gillette Industries Limited 
Alfred Herbert Limited 
Johnson & Johnson (Gt. Britain) Limited 
* Lloyd’s Policy Signing Office 
Manchester Regional Hospital Board 
Mars Limited 
Mercantile & General Reinsurance 
Company Limited 
The Mersey Docks & Harbour Board 
The Herbert Morris Group 
* A.C. Nielsen Company Limited 
* The Royal London Mutual Insurance 
Society Limited 
* Shell International Petroleum 
Company Limited 


Wesleyan and General Assurance 
Society 


* United — Atomic Energy 
Authorit 


et al. 


* With magnetic tape units 





Data Processing System 


in brief The basic 1401 system consists of just three units which offer 


card reading at up to 800 cards a minute 

card punching at up to 250 cards a minute 

line printing at up to 600 lines a minute 
advanced stored-program calculating and control. 





Seven months ago we announced 
an entirely new small computer 
with very fast input and output— 
the IBM 1401 Data Processing . 
System. We were certain that 
many commercial organisations 
needed a machine that would 
bridge the gap between the normal 
punched card system and the 
large-scale computer. And we were 
right. To date over 40 machines 
(about half of them with magnetic 
tape units) have been ordered in 
the United Kingdom, and over 400 
in Europe as a whole. The first 
will be installed in 1961. 


what jobs 
will they do? 


Here are some of the jobs these 

IBM 1401 machines will be doing: 

Payroll 

Stock control 

Sales ledger and statements 

Invoicing 

Statistics 

Credit accounting 

Production planning 

Costing 

Insurance - premium accounting 
and policy recording 

Hire purchase accounting 

Banking - current accounts 

Nuclear research 


We have designed the system so that you can add up to six magnetic tape units, 
each with read/write speeds of up to 62,500 characters a second. These equip 

the machine to deal with a larger volume of work, or enable you to employ 
large-scale IBM computer systems even more efficiently by passing ancillary 


operations to this smaller and less expensive machine. 


We'll be delighted to send you all the information you want on the 1401 or 
arrange for an IBM specialist to come and talk to you about it. 


IBM UNITED KINGDOM LIMITED 


ELECTRIC TYPEWRITERS DATA PROCESSING 


+ 101 WIGMORE STREET, W1 - TELEPHONE: WELbeck 6600 
INTERNATIONAL TIME RECORDERS 
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EKCO Nucleonic Gauges provide an 
ideal solution to many of the prob- 
lems connected with quality control of 
materials produced by continuous- 
flow processes. 

They give continuous, accurate mea- 
surement of thickness or weight per 
unit area, at the earliest possible stage 
of manufacture, without contact with 
materials. 

EKCO Reliability. All EKCo Nucle- 
onic Gauges are built to maintain 
their high standards of efficiency and 
to give easy, low-cost, trouble-free 
operation. They are used by leading 
industries the world over. 
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Step up your 
plant efficiency 


. An Ekco Automatic Standardisation Gauge shows 





EKC() nucleonic gauges 


EKCO ELECTRONICS LTD : SOUTHEND-ON-SEA. ESSEX - SOUTHEND 49491 





(Photographs by courtesy of the Bowaters Organization and !.C.I Ltd.) 


CUT Ey aa. pe, Teas 


prominently in this front view of the dry end of a 
280 in. Fourdrinier Machine producing newsprint. 


. Two measuring heads, one on each side of the sheet, 


are employed in this Ekco Nucleonic Gauge installa- 
tion. The machine is a Bridges 3-bowl calender, pro- 
ducing PVC coated fabric in one of the largest factories 
manufacturing leather cloth in Great Britain. 


Because Ekco Nucleonic Gauges work to j 
exceptionally low limits of tolerance they :— 


SAVE EXTENSIVELY ON MATERIALS 
GREATLY REDUCE START-UP TIME 
GIVE IMPROVED PRODUCT UNIFORMITY 


One of our Technical Representatives will gladly call to discuss 
how Ekco Nucleonic Gauges can step up your plant efficiency. 









wessis 











J 1.C.1 Led.) 


to discuss 
efficiency. 
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JONES-TATE 


PRESENT 











NO OTHER ACTUATOR 
provides these STANDARD 
FEATURES :— 


WEATHERPROOF 


NO FIRE HAZARD 
Unit does not run in oil bath 


MINIMUM OVERHANG 


NO RESTRICTION ON 
INSTALLATION ANGLE 


SEATING THRUST controlled by 
sensitive TORQUE SWITCH 


AUTOMATIC TRANSFER 
Power drive to Handwheel and vice versa 


REPETITIVE HAMMERBLOW 
HIGH EFFICIENCY SPUR GEARING 


ANY VALVE ANY SIZE ANY ANGLE 


Rising or non-rising spindles - Stem Diameters up to 44” 
Valve spindle torques from 60-3500 Ib. /ft. at 24 r.p.m. 
Thrusts from 12,000 to 150,000 Ibs. - Air or natural gas operation 
Also available flameproof-weatherproof versions 


Years ahead for years to come!—Send for full technical details 


JONES TATE AND COMPANY LTD. (DIVISION OF DEWRANCE) 


VICTORY WORKS, EAST PARADE, BRADFORD Tel. BRADFORD 28348-9 Grams. VALVE, BRADFORD 
LONDON OFFICE: 165 Great Dover Street, London, S.E.1 Tel. HOP 3100 
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FLOMAX 


A solenoid valve 
for maximum 
flow rates. 

Sizes up to 

12° B.S.P. 


CR 
BI aeemaaFLOQ controls 


for positive and precise 


regulation of water, 






light oils and air flow 





FLOMITE 


A direct acting 
solenoid valve for 
small flow and 
volume control, 
Sizes 4” and #’. 











Flometric 





MULTI 
CONSTAFLO 
An accurate 
metering valve 
for flow rates 
up to 86g.p.m. 
Sizes ?” and 1”. 










CONSTAFLO 


A consistent 
control for 
flow rates 

up to 7 g.p.m. 
Sizes up to 4". 











TRUFLO 
For positive 
flow-rate control 
with minimum 

1/10 g.p.m. or 
maximum 40 g.p.m. 
limits. 














The “Flometric” is a compact assembly of solenoid valve, flow rate control 
and inlet strainer for controlling water/air flow rates within close limits. It 
is pilot operated, self-closing, quick-acting, anti-hammer, quiet in operation, 
aad suited for either continuous or intermittent duty. 

The “Flometric” is precision engineered to deliver and to maintain one set 
rate of fluid flow regardless of variable inlet pressures. It is not just a flow 
retarding device, but a true and accurate flow control. Rated up to 5 g.p.m. 
Size }” B.S.P. 

The “‘Flometric” is one of seven Birflo controls, each designed to overcome a 
particular flow aa Pressure range up to 150 p.s.i. 


Made under licence from 
Hays Manufacturing Co., Ge 6, PA. 












STRAITFLO 
A straight line strainer, installed in the 
supply, having the entire strainer area 
within the flow way itself. Sizes up to 13°. 


ee 


ttt 


26 as 
product of BIRFIELD aay GROUP experience and resources 


iit 







Note 


Fully informative leaflets 
available on request. 


Enquiries to: 


LAYCOCK ENGINEERING LIMITED MILLHOUSES SHEFFIELD 8 
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For one measuring instrument or 
complete process control... 


Call on KENT | 


Here are just two of the KENT range of fine 
instruments for the measurement of flow, pressure, temperature, 
level, conductivity, pH, O, percentage etc. 


The*new electronic Mark 3 Multelec instrument, a high-speed 
(one second or two second full-scale pen travel) indicator- 
recorder with automatic control optional on certain models; 
giana single-point and multi-point measurement; for temperature, O,, 
millivoltage, conductivity, etc. 





The Commander instrument range, with its matching style of 
presentation and rationalized design to user advantage, offers a 
wide choice of individual models to meet your measuring 
requirements. 


Examples of further instruments to be made available in the Commander range can be seen 
on the KENT Stand; these include sealed-bell models for low-head differential-pressure 
measurement, bellows-operated models for static-pressure measurement, float-operated types 
for open-channel measurement, and additional electronic models such as a precision indicator 


KENT products on STAND D 159 


.O 
ve 
-ontrol 
num 
1. OF q 
40 g.p.m. and a circular-scale controller. 
See these and other 
na 


at the International Instruments, Electronics and Auto- 
mation Exhibition (Olympia), May 23rd — 28th, 1960 


Publication 998, ‘Control of Variables in World Industry’, sent on request, without obliga- 
tion. Other descriptive literature gladly supplied (please specify your particular interest). 


CNT 





rces 
GEORGE KENT LIMITED - LUTON - BEDFORDSHIRE - ENGLAND 
Telephone : Luton 2440 Cables and Telegrams : Kents, Luton, Telex 
FACTORIES, SUBSIDIARY COMPANIES, AND BRANCH OFFICES IN LONDON * TORONTO * MONTREAL * VANCOUVER 
LD 8 MELBOURNE - SYDNEY - JOHANNESBURG - SALISBURY * PENANG * BANGKOK ~ BRUSSELS - KREFELD ~ VIENNA 


y 1960 CONTROL May 1960 
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AUTOMATION is nothing new at Hawker Siddeley. Control 


systems pioneered and tested in aircraft and missile manutacture, 
coupled with extensive experience in the many other industries 
which comprise the Hawker Siddeley complex, cover all the 
basic techniques of measurement, metering and communications. 
Leadership in electronics gives Hawker Siddeley unique under- 
standing of data processing and recording. Immense experience 
in electrical and mechanical engineering, hydraulics and pneu- 
matics provides Hawker Siddeley with the know-how to apply 
control equipment in all types of plant. 

If you are interested in Automation, as it applies to your own 
plant or your own industry, may we suggest you call in Hawker 


Siddeley. Use their experience to solve your problems. 


Stand No. L 508, 1.E.A. Exhibition, Olympia, May 23-28. 


SY HAWKER SIDDELEY GROUP 


18 St. James’s Square, London, S.W.1. 
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DIAPHRAGM 


CONTROL 
VALVES 


Accurate, reliable, and economical, 
these Blakeborough types do full 
justice to the performance of the 
controlling instrument—hence their 
widespread use on modern automatic 
process control systems. An advanced 
and comprehensive range, well worth 


investigating. 


BLAKEBOROUGH 


J. BLAKEBOROUGH & SONS LTD >: BRIGHOUSE - ENGLAND 
(ndh)xo08x 
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POST TO 

FOR FULL 
DETAILS— 
POSTAGE PAID 


See Overleaf 


A.C. AND D.C. 
SOLENOIDS 


Postage 
will be 
paid by the 
Addressee or Northern 
Ireland 


BUSINESS REPLY CARD 
WESTOOL LTD., 
ST. HELEN’S AUCKLAND, 


BISHOP AUCKLAND, 
Co. DURHAM. 


a 





A.C. and D.C. Solenoids 

Warner Electric Brakes & Clutches 
Transformers & Chokes 

Coils 

Coil Winding Machines 

Small Motors 

Electronic & Amplifier Control Gear 
Westool Elcotron Eddy-Current Couplings 
Sparkless Switch 

Potential Indicators 

Air Conditioners & Dehumidifiers 


MR. 


NAME & ADDRESS OF COMPANY 





r desig 


: Ned 
SPec hic Need 
s 


For technical literature, 
place a tick against those 
products in which you 
are interested. Complete 
name and address details 
below and post—no stamp 
is needed. 








WESTOOL 


GenJerCel 


germanium junction 
photo-electric cells 


for punched card and punched 
tape scanning applications 


The result of manufacturing development 
work on the type PG40A, this cell consists 
of a germanium element with p-n junction 
parallel to the largest face. The overall 
diameter is only 0.080" and this reduction 
in size offers greater facility for mass 
grouping where the devices are used for 
scanning punched card and perforated 
tape. 


TYPE PG50A 


for machine tool control and 
industrial counting applications 


Characterized by small size and large out- 
put. This type has an impedance and 
output characteristic which enables it to 
be used with both relays and valve 
circuits. The cell consists of a germanium 
element with a p-n junction parallel to 


the largest face. 


Full electrical and spectral characteristics are given in 
Technical Data Sheets obtainable from:— 


comounn | Dlandard Telephones and Cables Limited 


Group Registered Office: Connaught House, Aldwych, London, W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY . HARLOW. ESSEX 
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MUIRHEAD 





GEARHEADS 













to 
any 
part 
of 





the world 


These gearheads are designed to mount on the front of standard Bu-Ord, 
SAE, and RAE size |! motors, and can accommodate the different shaft 
lengths of these types. They have the same overall diameter and mounting 
arrangements as the motors to enable them to be mounted in a similar 
manner. Types are available modified for use with size 08 or size 10 motors, 
or on their own as speed reducers. In the design particular attention has 
been paid to robust construction and long life, ball bearings are used 
throughout and the materials and dimensions of the gears have been 
chosen to give minimum amount of wear. 


PERFORMANCE SPECIFICATION 


INPUT. The input gear meshes with the 13 tooth 120 DP. pinion of either standard 
Mark 14 motors, size || motors to SAE ARP, 497 or size | motors to RAE, EL, 1789. 
OUTPUT. The standard output shaft is splined 2! teeth 120 DP. with thread for shaft 
nut and drive washer. Alternatively plain shafts up to ~&” diameter may be supplied, 
or a 13 tooth 120 DP. pinion suitable for cascading 2 or more gearheads. 


on request 


TECHNIOU 















Maximum power output, torque not + watt 
to exceed 80 oz in 
Maximum backlash after 500 hrs 45 minutes measured on output 
running with 4+ watt load shaft by reversing 8 oz in torque 
Starting torque 02 gm cm 
— at motor shaft 0.02 g cm? es 
perating temperature range —54°C to + 100°C ; : 
Tropical exposure test DTD 1085B Withstands 28 days exposure A Journal of Instrument Engineering 


for Scientists, Engineers, 
Technicians, Research Workers 


RATIOS. A number of ratios up to 600:! are available as standard and these wil! 
probably satisiy most requirements :—Types GIIA, 600:1; GIIB, 300:1; GIIC, 150:1; 
GIID, 60:1; GIIE, 24:1; GIIG, 40:1. Other ratios can be provided. 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD & CO. LIMITED, Beckenham Kent, England 
Telephone: Beckenham 4888 
MUIRHEAD INSTRUMENTS INC., 
441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
437 Telephones: 3717 & 3718 


MUIRHEAD & CO. LIMITED 
BECKENHAM 
KENT 


ENGLAND 
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MODERN 
MINIATURE 


In attractive cases of 
contemporary design for 
flush panel mounting, 

these modern miniature 
Moving Coil and Moving 
iron Ammeters and Voitmeters 
are compact, robust and 
possess the same high 
performance characteristics 
as larger “ Cirscale” 
Instruments. 3¢ in. square 
bezel, 2% in. diameter 


body fits standard K 







class fixing hole. 


RE(ORD 


“C LR SCALE” 


SERIES B 


Offices at: Belfast, Birmingham, Bristol, 
Dublin, Glasgow, Leeds, London. 


THE RECORD ELECTRICAL CO. LIMITED 


“Cirscale Works", Broadheath, 
Altrincham, Cheshire, 


CONTROL May 1960 
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MACHINE TOOL DESIGNERS AND MANUFACTURERS 
TODAY’S—AND TOMORROW’S—TREND IS TO MORE AUTOMATIC CONTROL 





Now —new simplification 
brings two-axis 
copying equipment 


at lowest cost ever 


From Britain's most experienced 
control equipment team— 
application proved by ten years’ 
operation on numerous types 

of machine tool-—this adaptable 


equipment opens up new 


possibilities in machine tool design 








Exclusive printed circuit card unit construction Simple rugged tracer head has single moving part 
brings simplification, standardisation and tower costs 
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aL 


1. template or model 
2. tracer head 


3. compact 
self-contained 
control cubicle 


4. x.—axis high response 
servo motor of 
required rating 


5S. y.— axis high 
response servo motor 
of required rating 


6. control station [can be 
suitable for building in] 


7.control for profiling 
speed round work 


S. pushbuttons for 
manual movement 
direction 





In full scale production — hundreds in the field and 
four equipments a month going to one machine 
tool manufacturer alone—these equipments are so 
designed that they can be readily tailored to the 
requirements of any type of tool—from the largest 


to the smallest. 





As well as being adaptable to single— and multi-axis 
operation, the system can also be applied to joystick 
steering control. 

For more details write to Special Equipment Division 


at the address below. Full scale functional test facilities ensure 
consistent equipment performance 


LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 





SE.7 RUGELEY - STAFFORDSHIRE - ENGLAND 
Manufacturers of the world's widest range of industrial electronic control equipment 
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Higher production with lower costs 


...and no rejects 
NEW BRISTOL’S CIC 500 


means simplified process 


time-cycle control 


SETTING UP EACH TIME CYCLE 


TAKES ONLY SECONDS 

Adjustable dogs on the timing disc operate the — 
motor. Equally adjustable timing — ve exact se 

tial control of up to 10 process variables through pea 
pneumatic pilot valves or electric pilot switches. Each 
switch or valve can be operated up to 24 times in a 
complete time-cycle. Timing discs available for a wide range 
of cycle times. Write for detailed, illustrated literature. 


Any process that depends on the timing of a number of operations can be put under exact 
control with the CIC s00. 


The operating principle has already been proved in Bristol’s well-known earlier models — 
but this entirely mew instrument embodies design refinements that make it more accurate, 
more flexible, simpler to use and adjust. For reduced operating costs and eliminating of 
rejects, learn more about accurate time-cycle control with the new Bristol CIC 500. 


Rubber and Plastics Section — Process Control Division 


ELLIOTT BROTHERS (LONDON) LTD 


Century Works, Lewisham SE13 Tel: TiDeway 1271 
LF - MEMBER OF THE ELLIOTT-AUTOMATION GROUP 


Tick No 33 on reply card for further details CONTROL May 1960 














NSTRUMENTATION 


K LECTRONICS 


UTOMATION 











A COMPLETE 
INSTRUMENTATION SERVICE 


With Evershed equipment you can meet all 


amshaft your process control requirements because 
b either there is an Evershed instrument for every 
oes purpose. Our Technical Advisory Service 
ture. is freely available to discuss your particular 
problems in ‘Supervisory Control.’ 
D 


VISIT STAND K 458 AT THE 1.E.A. EXHIBITION 


1960 
























RECORDER CONTROLLER 


A servo operated recorder to provide a permanent record of the measured value, has been added to 

the already comprehensive specification of the Evershed Mark 4 Controller which has found wide 

throughout the world in all types of industries. Ingenious design allows a full 4” chart 

display without imcrease of the panel cut-out which remains at the international standard of 144 » 
144 mm. 

The new controller, in two units, is completely self-contained, and embodies many proven features, 

é.g., exchangeable printed circuit boards, built-in test and calibration facilities, bumpless transfer, etc. 








EVERSHED SUPERVISORY CONTROL 


‘Transmission of 40 measurements over one pair of transmission lines, with simultaneous control 
signals (and positive confirmation) in the reverse direction over the same pair of lines’—this is the 
significant feature of this continuously cycling system. Added to this are: automatic monitoring of 
the system’s correct operation, and automatic visual and audible alarms for dangerous conditions, etc. 

Alternative facilities (for which the scanning cycle is rendered inoperative) are: 1. Selection “‘on- 
demand” of any of the measuring control points, or 2. Automatic initiation of the scanning cycle 
through changed conditions at a control point. 


ANALOGUE TO DIGITAL CONVERTER 


‘This new converter enables analogue measurement signals of Evershed Process Control Equipment to 
be presented in digital form! The instrument is designed to work under industrial conditions and is 
fast enough to mect all industrial measurement requirements. The output circuit can operate series 
or parallel displays, and/or print outs etc. It is essentially a simple device which keeps routine 
- Maintenance and service requirements at a minimum. 










SOLIDS LEVEL ream i 


Evershed’s comprehensive 
which is scotty ede ten oon ae 


application to a Process Controller, or mot 
A special feature prevents anna 









PERATURE MEASUREMENT 


Ansmitting resistance thermometer is a fully transistorised, highly accurate instrument generating 
put signal suitable for operation with Evershed Process Control equipment. It requires a 
m of attention over extended periods, permits easy matching to existing transmission lines, 
Gaies built in test facilities, and calibration check facilities which do not need skilled personnel. 




















ALL-ELECTRIC VALVE POSITIONER 


An all-electric Positioner, which operates in conjunction with a speci designed transistorised 
control/feedback amplifier, is now added to the range of Evershed umatic and Electro- 
hydraulic Positioners. The all-electric Positioner provides a 500 Ib. — 
of up to 2”, and is capable of a response time of 6 seconds per ~ 


modest power 
(upstehion fier times per jose GO sumption and pecially no aia ib inane tenione Seen 
attractive. Even under most severe operating conditions it will maintain a sensitivity of 1°, 














Boiler control panel at 
ws wat a Little Barford Power 
C2 too rel ereetrerant Station—the first in Great 
B OOOO seove ee ON PSS Ss Britain to be electroni- 
aucune lies >3 90002 Se = cally controlled. 
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on Part of Wissington sugar 
refinery control panel 
showing Evershed minia- 
ture recorders and 
process controllers. 
Movement and levels of crude oil are controlled from 
this panel in a Kuwait Oil Company tank farm. 
EEE 
RESIS 
PTET? 
The supervisory panel at the jersey Sewerage 
Board’s installation at Bellozane. Measurements 
from six out-stations are sequentially sampled and 
ae continuously displayed. Remote control is also 
Colchester Water Works uses. provided. 
Evershed multipoint telémetering egg 


equipment for control, indication 
and recording at this main station 
and two remote stations. 





FLOW OR DIFFERENTIAL PRESSURE TRANSMITTER 
— TYPE ER 125 


Designed for the control and remote indication of differential pressures up 
to 200 in. W.G. and at static pressures up to 1,000 p.s.i. Suitable for 
application to processes involving oil, viscous or corrosive fluids as well as 
water, steam or gases. 

For further information ask for leaflet S.S.1. 
















GAS PRESSURE OR DIFFERENTIAL PRESSURE TRANSMITTER 
— TYPE ER 83 


This transmitter embodies a limp diaphragm, and is capable of accurately 
measuring extremely low gas pressures. To provide local indications, a 
milliameter is included in the transmitter housing. 

For further information ask for leaflet S.S.3. 





SIMPLE COMPUTER — TYPE ER 92 


This instrument is used to evaluate continuously the variables and constants 
of a controlled process. The operations performed are: Addition; sub- 
traction; multiplication of two variables or of a variable by a constant; 
division of two variables, or of a variable by a constant and vice-versa; 
squaring; square root extraction. 

For further information ask for leaflet S.S.10. 





ELECTRONIC PROCESS CONTROLLER MARK IV 


The Evershed 3-term Process Controller operates in conjunction with 
Evershed Electronic Repeater Transmitters which provide the measured 
value signal, and when compared with a manually adjustable ‘desired value’ 
current, develops a controller output signal which contains 3-term circuitry 
(i.e., proportional, integral and derivative) components. 

The output signal may be used to operate Evershed electro-pneumatic, 
electro-hydraulic or electro-mechanical positioners, valves, dampers, etc., in 
order to maintain the process under control in the desired manner. For 
further information ask for leaflet S$.S.12. 





STANDARD ELECTRO-HYDRAULIC VALVE POSITIONER 


Of robust construction, this equipment which incorporates the hydraulic 
jet pipe relay principle, can be used to operate the heaviest dampers or 
valves. It is completely self-contained with its own motor driven pump, 
and accurately positions the damper or valve according to the value of the 
signal received from the control system, irrespective of the magnitude of 
forces to be overcome. 

For further information ask for Publication No. 520. 


INSTRUMENTATION & CONTROLS DIVISION 


EVERSHED & VIGNOLES LTD 


ACTON LANE WORKS <- CHISWICK +-+ LONDON W.4 
Telephone : Chiswick 3670 Telegrams & Cables : Megger London Telex 22583 





(Because we like to see 
our customers satisfied!) 


Special and individual requirements are our particular speciality. And we go to great 
lengths (including bending over backwards) to see a job well done— 

and to see that our customers are happy! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100 
automatic control valves. People control water with them, gas with them, oil with them, 
steam with them and a host of other industrial liquids and gases too! Mushrooms are 
grown with them, jam is made with them and ships cargoes are frozen with them! 

You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our 
full experience is at your disposal. Many times, what has first appeared to be impossible 
has been achieved! Why not write now for our new comprehensive catalogue No. 31 
which contains full details of our complete range! 


IS THE REGISTERED TRADE MARK OF THE MAGNETIC VALVE COMPANY LTD. 


The Magnetic Valve Company Ltd 


———+ 7 KENDALL PLACE - BAKER STREET - LONDON : W.1. HUNTER 1801 


mus 
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SEL Direct-writing 
UV. Gaolvanometer 
Recorders 


@ Up to 50 channels simultaneously 

@ Up to 12” chart width 

@ 0:05 to 80 ins/sec in fifteen steps 

@ Galvanometers from 0-100 to 0—5,000 c/s 
@ Electronic Flash Timer 





S.E. Laboratories Ltd announce a new range 
of Direct-writing U.V. Galvanometer Recorders 
offering outstanding accuracy, versatile range, 
simplicity and long life in use. Models are available 
with chart widths up to 12”, recording up to 50 
channels simultaneously. A range of ultra-sensitive 
galvanometers covers frequencies from 0-100 to 
0-5,000 c/s. The low-frequency ranges are suitable 


for direct connection to thermo-couples, strain 





gauge transducers and other low-voltage or 
low-current signals without any intermediate 
amplifiers. There is a choice of speeds from 0.05 
to 80 ins/sec in fifteen steps. One of the special 
features of these new S.E.L. recorders is the instant 
striking of the U.V. lamp, and rapid replacement 
from the front in case of failure. S.E.L. would 
like to send you full details of this new 


development. 
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SE Laboratories Ltd 


North Feltham Trading Estate, Feltham, Middlesex. 


Telephone Feltham 5876 
LE.A. EXHIBITION Stand No. D.167 
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TELESIG Screw Pumps are positive 
displacement pumps. Simply constructed, 

they offer exceptional performance and long life. 
TELESIG pumps effect delivery by means 

of three parallel screws engaging each other, 
the power-driven central screw driving 

the two side screws. They may be run at high 
speed thereby reducing motor sizes 

and installation costs. 
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TELESIG Screw Pumps offer the following advantages: 


Self priming. 

Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 

Simple construction. 


Minimum maintenance and easy replacement 
of working parts. 


Long life. 


TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


“sity Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 
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SEL makes news 


5.EL Frequency D.C. Converters 


Two new transistorised Frequency DC Converters with remarkable specifications: 





Type S F 100 Industrial and general- 


purpose instruments, 
chiefly for rate-of-flow indication, working with 
Meterflow impeller flowmeters. Also suitable as 
tachometers or rate meters with tranducers 
generating electrical pulses. Indication on 34” 


ni idiaks misieie okaines cirscale meter or on external indicator, chart or 


and 10-5,000 c/s for full-scale 
output. 
Accuracy: 0.75% including meter, 





galvanometer recorder. Check facility for calibration 


un daca aa before use. Housed in practical metal case with 
10 V r.m.s. 
Se ee « drop-away lid and fixing handle for easy viewing. 


Size: 10} x 5} x 6”. Weight: 9 Ibs. 


Mainly intended for aircraft or mis- Type S F 710 


sile applications where electrical 

pulses have to be converted into voltage or current signals 
as inputs to telemetering ‘transmitters, tape recorders, 
galvanometer recorders or indicators. Fully transistorised, 
exceedingly accurate and stable, robust, small and light. 


Frequency range: 10-1,000 c/s. 
Linearity: + 0.2%. 

Compensated Temperature Range: —20 to + 100°C. 
Output: 5 volt DC at 1,000 c/s + 1%. 

Input: 10 mV to 10 V r.m.s. 

Size: 24” x 23”  2#”. Weight: 18 ozs. 





S.E.L. would like to send you full details about these new instruments 


SE Laboratories tid 


North Feltham Trading Estate, Feltham, Middlesex. Telephone Feltham 5876 
LE.A. EXHIBITION Stand No. D.167 
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OUR MANPOWER 


In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 
cover the British Isles. They are experienced fiuid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C/603 


Fiuld Power Division 
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THE EXPERT BALDWIN DESIGN STAFF 
at Dartford will plan automation schemes for any 


operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 

on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 


power is aimed ai increasing production for industry 
—and for Baldwin too, of course! 


A HARPER GROUP COMPANY 
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Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 


Telephone Dartford 20948 & 26411 - Cabies & Telex Baldwin Dartford 
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The type $31 Oscilloscope is an improved 
version of the now famous Serviscope. 


It is extremely compact (Sjin. x Gtin. x 13in.) 
and has a performance and specification 
unequalied by many much larger instruments. 


The D.C. coupied amplitier (-3db at 6 Mc/s), 
voltage calibration, wide-range calibrated 
time base (‘5 sec. to tp sec. per cm.) and 
a precision flat-ftaced C.R. Tube are only a 

__ few of the features that put the $31 far 


| any other | 


oaeed cele 


VISIT US ON STAND S853 AT THE 1.E.A. EXHIBITION THE PRICE OF THE S3! IS £75 


CONTROL May 1960 Tick No 44 on reply card for further details 45 











ETHER XACTROI 


Potentiometer Recording Controllers, SERIES 200 


TYPE 2000 with on/off control 
TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


MAINS SUPPLY 
SWITCH 


CONTROL UNIT 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 


instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 
ion concentration, as well as any other quantity that can be expressed as 
an electrical signal. 
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* SIMPLICITY OF DESIGN * EASIER RANGE CHANGI) 
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JE, provide EVEN HIGHER STANDARDS OF PERFORMANCE 


SALIENT * Unique Zero-load & Zero-differential control system 
FEATURES * 6 calibrated scale * Small panel cut-out 10; 9; 
INCLUDE! * Patent Ink Cartridge * Front control-point setting 





























CABLE 
CONNECTIONS 
POSITIONED FOR 
ALL-‘STEEL WELDED CASE WALL- MOUNTING OR 
PANEL-MOUNTING 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 


A IDE- 
LINEAR SLIDE-WIRE (Parent applied for) 


HAVING 1.000 CONVOLUTIONS 





SPECIALLY DESIGNED 
BALANCING- MOTOR 
WITH PRECISION 
GEARBOX 


NK CARTRIDGE 


ARRIAGE 
RAIL 


PEN 
CARRIAGE 


CHART 
TEAR-OFF STRIP 


SYNCHRONOUS 
CONVERTER 


CONTROL 
SETTING KNOB 


6 inch CALIBRATED a i 


CHART 





AMPLIFIER 
GAIN CONTROL 
CHART 

WIND-ON 


CALIBRATION 


PLUG-IN PRINTED-CIRCUIT ADJUSTMENT 


RANGE-CHANGE UNIT DOOR 


LATCH 


‘SUPPLY 


= An exclusive feature of the ETHER ‘ XACTROL’ 
| is the unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 








(pace: 1 applied for) 
—which totally eliminatesthe 1 - i ____—_—— eee ! 
use of mechanically-operated | ae Hy Please supply, without obligation, full details of the | 
ity linkages and snap-action switches ETHER ‘ XACTROL.’ eo | 
ind @ ZERO-LOAD even at contro! point AVL MIT sachet Sine oapiuardicdincacedsiescedeiahacndbblashdicacitcskednsswiss | 
@ ZERO-DIFFERENTIAL 
ly ° WIPING-ACTION, itaede POST PIII Dhistinn sa dwis bhandevetiesscnnasicipeduilanssscehinaimeaacsscsesianacadgasce | 
Cr 5 ue) tS ly EE |. - <cesvenkncsssaeddeastoesseccsssansedcbctonsesbueagehlvartcerucahepieagussiiensesnbeasers 
wa @ ADJUSTABLE OVER FULL SPAN NTA baidiaiitl ie. sions eee | 
as 
TYBURN ROAD, BIRMINGHAM, 24 (East 0276-8) 
JE et aI CAXTON WAY, STEVENAGE, HERTS (Stevenage 2116-7) 


SLITS) 
REPRESENTATIVES THROUGHOUT THE U.K. 


AGENTS IN ALL PRINCIPAL COUNTRIES 





« GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 


ILLUMINATED 
QUADRANT 


CONTROLS 


The new ELCOM quadrant instrument offers exciting 
possibilities to the designer of control desks and equip- 
ment. 


The instrument houses two individual channels operating 
separately or ganged and fits into a panel cut-out approxi- 
mately 5” x 133”. Eight instruments mounted side by 
side take up panel space of only 5” x 54”. 


The provision of illuminated scales is a feature offered only by the ELCOM quadrant control, Auxiliary switches 
incorporated in the instrument operate colour changes of this illumination at predetermined positions of the 
movement of the quadrant arm, thus providing cue lights or warning signals at the actual point of control. For 
instance, a scale may be illuminated by a green light changing to red when the channel becomes alive. This light 
change can also be operated from an outside source, e.g. to show when a channel becomes available. The auxiliary 
switches operate cue lights or signals at other locations. 


NOW IN PRODUCTION ! 


The control can be fitted with a resistor network or supplied simply as a stud switch with a smooth or detent 
action. 

A feature of the design is the ‘ plug in’ facility which allows the whole instrument to be withdrawn or replaced 
instantly should cleaning or overhaul become necessary. 


The ELCOM quadrant instrument has an application 
on every control desk or panel and full information 
will be given on request. 


ELECTRONIC 
COMPONENTS 


WEEDON ROAD INDUSTRIAL ESTATE 
NORTHAMPTON 


Telephone: Northampton 2467 & 1873 
Grams: Elcom, Northampton 
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Consistent accuracy, 


Every one of these units embodies the 
highly specialised knowledge of Ketay 
engineers who are continually at work on 
environmental and accuracy problems 
connected with servo components and 
systems. Their very considerable ex- 
perience and skills, backed by superior 
development facilities, are available as a 
service of which all plant designers and 


engineers are invited to make full use. 


small size, mechanical Ketay synchros are able to detect shaft movement of as 
rugg edness and an efficiency little as three minutes, or 1/7,200 of a revolution! In 
unimpaired by extreme 

conditions — all these, in every 
synchro made by Ketay. 


TELEPHONE: SEVEN KINGS 6050 


*K As a result of recent design developments, the latest 













achieving this standard of accuracy—and an unfailing 
reliability—an important part is played by the through- 
bore construction which is a vital characteristic of 
these synchros. 























~* They are small and light enough for use in many critical 
applications where size and weight must be minimal. 
The smallest in the current range—which covers sizes 
11 to 23, with size 08 soon to be in production—has an 
outside diameter of just 1.1” and weighs only 4.0 ounces. 


This valuable miniaturisation involves no sacrifice of 
mechanical ruggedness—with stainless steel housing and 
encapsulated windings, Ketay synchros will perform 
efficiently and consistently under most severe conditions 
of impact or vibration. 

















They also maintain the same high level of performance 
in extreme temperatures. Generally, the operating range 
is —55°C to +85°C, but recent progress has enabled 
even these figures to be bettered; a new Ketay series of 
synchros capable of working at 125°C is already avail- 
able and developments are in hand to improve this 
figure to 200°C. 























*K Ketay synchros have an outstandingly high resistance to 

moisture and other climatic conditions; this is afforded 
by stainless steel housings, shafts and bearings, hermetic- 
ally sealed windings and other design features. 









KETAY LTD - EDDES HOUSE - EASTERN AVENUE WEST - ROMFORD - ESSEX 









Overseas Sales Organisation: Plessey International Limited - Ilford - Essex Tel: Ilford 3040 
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A new and 
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FEATURES 


High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings 
and self-locking adjustable contacts. 


Choice of either two or four adjustable contacts. 


APPLICATIONS 


Current regulator control. 
Voltage regulator control. 
ee? case design—projection or flush Monitoring duties. 
Dustproof and suitable for use in the tropics. Limiting duties. 
Conforms to Post Office Specification P.T. 1025B. Equipment protection. 


Suitable for current or voltage sensing on 
either D.C. or A.C. 


—7hustinlite ELECTRICAL EQUIPMENT (Makers of Sumo Pumps and 


Stone-Chance Lighthouses). 


Gustom-built by STONE-CHANGE LTD. CRAWLEY, SUSSEX. 
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Transistorized 
UNIVERSAL 
COUNTER 


TIMER 


Frequency Measurement 


Random Counting 


Frequency Division 


Time Measurement 


Frequency Standard 





This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 
measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


TIME/UNIT EVENT (1 LINE): For the measurement 
of the time interval between two occurrences in a 
continuously varying electrical function in the 
range 3usec to 1sec. The time for 1, 10 or 100 
such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 
combination. 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 
0-1, 1 or 10secs. Crystal accuracy +2 parts in 
10°/week. For mains or 12Vd.c. operation. 


Full technical specification available on request. 


RANK CINTEL LIMITED 


WORSLEY BRIDGE ROAD - LONDON - SE26 


HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow ; 


McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Lid., 59 Mccr St., Birmingham, 4. 
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HONEYWELL 


PRESSURETROL 





P444 


TOT 


yf th itch | 
You asked for... ) 
The new P444 Pressuretrol is a low-cost device for 
industrial application up to 150 p.s.i. The rugged 
P428 Pressuretrol is also designed specifically for 
industrial use. Use it for gas or liquids at pressures 
= to 5000 p.s.i. Use either of them as controllers or as 
Se eee ¥ high or low limit devices. Their outstanding features are: 
rataseeeranc 3 * Convenient adjustment — With set point and differential 
ay faa located on the front of the case for 
maximum visibility and accessibility. 
* Visible switch position— Window in front of case 
reveals at a glance whether mercury switch is 
made or broken. Changeover versions available. 
dais aaiomeaanh * 428 has Bourdon tube actuation — Tube of 
sais tata beryllium copper or stainless steel depending on range. 
P444 is diaphragm operated, using similar materials. 
* Rugged, attractive case— Made of drawn steel with 
die-cast cover, case resists dust, weather, corrosion. 
Harmonizes well with other instruments when panel mounted. 
* Explosion-proof model— Enclosed in its own integral case 
with external settings — not necessary to open case or 
break electrical connection. It is small and compact 


and requires no special housing or setting extensions... 
provides positive protection when used with 





—_—wr—- — cs a a ee * 
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WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited 

Ruislip Road East Greenford 
Middlesex WAXlow 2333 


Please send me : 


4 


Specification Sheet No. 1011-la (P428) 
Instruction Sheet No. 95-2600 (P444) 


i | 
] 
a ee ee 


ete hazardous gases or in hazardous atmospheres. 
POGRTIIEL coccccccccccccesccscccccnscccceccce 

I etl Honeywell 

sessile timate isaenieainaniees tical Fit e ' f 

Branch offices in the principal cities of 

the United K ingdom and throughout the world. SINCE 1865 


“I 
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MUIRHEAD INSTRUMENTS 


IN ACTION! 


ON STAND £207, 1.6.4. EXHIBITION, OLYMPIA, LONDON, 23-28 MAY 1960 


K-100 AUTOMATIC RECORDING 
WAVE ANALYSER 





DEMONSTRATIONS: 


TRANSFER FUNCTION ANALYSER—making frequency response 


tests on a ‘Miles’ servo-mechanism similar to the type used in flight 
simulators. 


AUTOMATIC RECORDING WAVE ANALYSER—producing analyses 
of vibration signals from a Sapphire jet rotor. 


MUFAX BUSINESS MACHINES—providing facsimile communication 


direct between the exhibition stand and the Muirhead factory at 
Beckenham. 


WEATHER CHART FACSIMILE EQUIPMENT—transmitters and 


receivers of the type used by meteorological organizations throughout 
the world. 


NEWSPAPER PAGE FACSIMILE EQUIPMENT—the first practical 
machines of their kind in the world for the high-definition facsimile 
transmission of entire newspaper pages to a distant printing centre. 


FACSIMILE TAPE RECORDER —storing picture signals from a picture 


transmitter and replaying them to a direct-recording receiver. 


PRECISION R.M.S. DECADE VOLTMETER—having wide voltage and 


frequency ranges, believed to be the most accurate voltmeter of its type 
in the world. 


TECHNIQUE: The April issue of ‘Technique’ is devoted to 
articles and descriptions of Muirhead exhibits at the I.E.A. 
Exhibition. Write for your copy now. 


MUIRHEAD wile 


Precision Electrical Instruments 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 


Telephone: Beckenham 4888 


EXHIBITION 


ASSOCIATED COMPANIES 


MUIRHEAD INSTRUMENTS INC. 


441 Lexington Avenue, New York 17, N.Y., U.S.A. 


Telephone: Murray Hill 2-8131 
450 
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MUIRHEAD INSTRUMENTS LIMITED 
Stratford, Ontario, Canada 90 
Telephones: 3717 & 3718 
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Visit us at 
Stand Number G307 
at the 
1L.E.A. Exhibition 


Which of these could solve your problem? 


Newmarket Transistors Limited have added the following 
transistors to their range :-— 


The new Noodle Transistor 
(V15/1SNP V15/30NP V30/1SNP V30/30NP) Fast switching transistors 
1. Amplifies at 10 amps. (V10/1S V10/2S) 
. American diamond construction interchangeability. 
No fixing screw problems. 
Cold welded case for increased reliability. 
Higher frequency operation. 


1. Phenomenal peak current performance 
will switch 1 amp peak. 
Fifty Milli-microseconds risetime. 
20V collector rating. 

. British standard cylindrical construction. 
V.H.F. Drift Transistor 5. Cold welded case for increased reliability. 
(V15/20 R) 

1. Oscillates up to 100 M/Cs. 

2. Amplifies up to 20 M/Cs. 

3. Jedec 30 case. 

4. Higher operating voltage. Send for data sheets of these 
transistors. Ask also for copy of 


our booklet ** Semiconductor 
Device Data " if you do not 


TRANSISTO Newmarket Transistors Limited 
EXNING ROAD, NEWMARKET, SUFFOLK 


Tel: Newmarket 3381/4 Cables: Semicon, Newmarket 
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Made within the shadow of Bie Ben. 
SARUM iiiatiitaiii enjoy a reputation 
for reliability which, like the chimes 
of this famous Tower. reaches the 
farthest corners of the world. 


D.C. Amplifiers 
ELUATE MAD CITT ne 
Valve Volimeters 
Mulli-range Testmeters 
Valve Testers 

and other electronic 


and nucleoni¢ instruments 


| eee ae 


—_— = sh. 


LAY 0) | ae Oe DY AVOCET HOUSE PoC Ms title ae ee TD LONDON 


Telephone: ViCtoria 3404 (/2 
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That’s to take rolling motion transient response 


into account, of course, sir... 


SSONTROL May 1960 


The Managing Director has a hundred responsibilities, the 
Research Chief one specialized field. Neither would claim 
that they spoke the same language. But this does not mean 
they do not understand one another. 

They both read Control, for example. 

The Administrator relies upon a quick general reading to 
brief him on technical development and modern applications, 
while the scientist expects, gets and studies objective tech- 
nical evaluations of contemporary work over a wide field. 
We have many firms who subscribe to our Group Scheme 
so that separate copies of Control can ‘belong’ ex- 
clusively to different executives and that departments can 
have their own copies, too. This spreads information and 
understanding. It also spreads the cost. 


Write or telephone for details now. 





They come 


standard lines and custom built 


FOSTER Transformers Limited are transformer, test 
gear, and voltage regulation specialists to the world’s 
electrical industries. Besides offering the widest and 
most varied range of equipment available, Foster Trans- 
formers especially welcomes enquiries for custom-built 
or development designs tailor-made to suit individual 
requirements. Every product, great and small, is built 


with the skill of long experience applied in the light of | 
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25,000 voit or 6 volt transformers — it's all the same to FOSTER 


in all shapes and sizes! 


the most up-to-date research. Foster equipment is 


supplied through Branches and Agents in 36 countries. 


A member of the Metal Industries Group of Companies 


FOSTER TRANSFORMERS 


FOSTER TRANSFORMERS LIMITED, SOUTH WIMBLEDON, $.W.I9- 
TELEPHONE :LIBERTY2211.TELEGRAMS:FOSTRANS.CABLES: LONDON, TELEX 
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For fast accurate counting 


You can’t do better than to specify this Series 100 instrument. 
Tooled to the finest limits, together with a highly efficient 
magnetic circuit, it offers a long life, with extreme accuracy, 
at fast counting speeds. Figures are large and readable with 
perfect alignment; the whole counter carries the superb finish 
for which all C.I. products are famous. Designed for flush 
panel mounting; number of figures—6. 


Mechanism is the heart-shaped type, and accidental resetting when 


High speed the counter is running does not harm the mechanism. 


quick reset oprERATING VOLTAGE 24 or 48 volts D.C. 


110/115 volts A.C. 50 or 60 cycles. 
electro-magnetic 200/250 volts A.C. 50 cycles. 
POWER CONSUMPTION 4 watts. Coils continuously rated. 
OPERATING SPEED At least 20 counts per second. 
RESET Push button or Electric. 
NUMBER OF FIGURES 6 
push button FIGURES White. 7/32” high (5.4mm) on black } 
dia. wheels. 
or electrical CASE | Die cast case with aluminium side plates. 
Finish matt black. 
LEADS 12° Trailing. 


counter 


reset 
Also available as a dozens counter with first wheel graduated 0 to 11. 


Counting Instruments Ltd. Elstree Way, Boreham Wood, Hertfordshire, 
Telephone: ELStree 1382 


England. 


uh 


CONTROL May 1960 Tick No 58 on reply card for further details 




















Here and Now! 


aed 






The o S.I. 609 system 
for Industrial Measurement 
ana Control 





The I.S.I. 609 System is a comprehensive plant measuring and control system having 
as its centre the well known Elliott 803 solid state digital computer. 





The system is designed to work on-line with a process, but still have facilities available 
for calculation on a time sharing basis. 


Note the following unique features 


1 On-line monitoring of process variables. 6 A wide range of input/output facilities is 


; s t am available. 
Automatic correction for non-linearities etc. 


N 


; Payee 7 Separate computer and plant operator 
Continuous data logging and alarm indication. consoles. 


3 

4 Off-line time sharing computation. 8 On-line automatic control. 

5 Solid state analogue-to-digital conversion and 9 Can be modified without disturbing the 
vice versa. overall programme. 


We shall be pleased to send our specialists to your works todiscuss the applications of the I1.S.1.609, without any obligation. 


PANE LILAXTKXK DIWVISION 


ELLIOTT BROTHERS (LONDON) LTD 


ELSTREE WAY, BOREHAMWOOD, HERTS Telephone Elstree 2040 


Ly A member of the Elliott-Automation Grov~ 
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Which little boy will become 
an Electrical Design Engineer? 


E 


The six little girls in the foreground immersed in the closed shop 
of their femininity are, like the front row of any chorus, really 
there for effect; more likely to distract than inform. And dark- 
haired Christopher immediately behind them, striding with such 
confidence is not the one we seek. In any case three steps later he 
will trip and fall prone and the little girls’ smiles will change to 
immoderate laughter. 

Richard the fair-haired boy on his knees (extreme right) would, 
at first sight, seem a likely choice but he shines at handicrafts 
rather than arithmetic (and prefers football to either). No, the 
boy who will become the electrical design engineer is the one 
uncovering a mysterious article from the sand. He is exploratory 
by nature, able to grasp abstracts with the same interest he now 
shows. Eventually (although they do not know each other yet) he 
will marry the little girl who is walking out of the extreme top 
right-hand corner. To her B. & R. Relays will mean nothing 
whatsoever ; to him quite a lot. 


RELAYS 


LIMITED 


B& R RELAYS LIMITED - TEMPLE FIELDS - HARLOW - ESSEX 


Telephone: Harlow 25231/4 Member of the Gas Purification Group 
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PHILIPS 


MINIATURE REGURDER 


TYPE PR 2400A 


FEATURES Small panel space of 144 x 144 mm 
(approx. §}” x §}?”) - Reliable null-balancing potentiometer 
system - Easily interchangeable ranges - Transistorized 
plug-in amplifier with printed wiring - Unique chart- 
winding system - High indicating speed and crftical 
damping - Scale calibration for mV or all conventional 
thermocouples - Completely mains operated. 


RECORDING SECTION Strip chart, width 100 mm, 
length approx. 9 m. The chart is wound into an exchange- 
able casette. Visible length of 100 mm. After opening the 
door the chart can be pulled out over a length of 80 cm. 
Chart returns automatically into the casette. 


CHART-SPEED With built-in gear box 3 different 
speeds can be selected: 10, 20 and 60 mm/h. Can be 
supplied with electro-mechanical clutch so that by means 
of external switch, chart movement can be accelerated by a 
factor of 60. 


This photograph shows the lighter weight and 
compact size of the plug-in transistorized amplifier. 
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Miniature mV-Recorder 


MINIMUM SPAN § mV - MAXIMUM SPAN 250 mV 
ACCURACY 0°5%; the accuracy can be maintained after 
exchange of range box. 

REPRODUCIBILITY 0°2°(, of span - SCALE LENGTH 100 mm. 
STABILITY 10°, mains variations have an 

influence of less than 0-1°%, 

BALANCING SPEED Less than 1 sec. for full scale 
deflection; damping critically adjustable. 


RECORDING With flexible capillary stylus supplied 
from sealed ink container mounted under measuring 
carriage. Line thickness approx. 0-3 mm. 


CONSTRUCTION Sheet-metal case in grey hammer- 
tone with all plastic door. Front dimensions 144 x 144 mm; 
depth 510 mm; panel opening 138 x 138 mm. (5§}” x §}”— 
20°—5$” x 54”). 


PRODUCT OF PHILIPS, EINDHOVEN, HOLLAND 


(RCLOOO9) 
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May we show you the HIVAC 
NUMICATOR and other HIVAC 
ranges of cold-cathode tubes, sub- 
miniature valves, neon indicators 
and filamentary lamps and other 
special types, including working 
demonstrations of major applica- 
tions of cold-cathode tubes to 
Process control and automation, at 
the 1.E.A. EXHIBITION, Olympic, 
May 23 — May 28, on Stand No. 


. F. 261 


located tilitaaaieaaaeeaaentl iii iniineiedeeanattiaaentiieennined 
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ANNOUNCING THE NEW 





Al 


The XN1 NUMICATOR displays digits 
from 0 to 9 (or other symbols such as 
“+” or “—” or fractions if required) 
clearly and brightly. It operates from 
a minimum voltage of 180v. D.C. and 
at a current of approx. 2mA. 





a high quality 
miniature, in-line, 


digital display tube. 


Our Technical Service Department is ready to provide further 
details on application. 


Limited 


A Member of the Automatic Telephone & Electric Group 
Stonefield Way, South Ruislip, Middx. Telephone: Ruislip 3366 
P.N.I 
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Mica Products 


Get to know more about the Delanco 
Mica service. We can assist you in 
the choice of grade and 
type most suitable for the purpose 
required, and give the best 
possible service and attention to 
your requirements. We have our own well 
equipped tool sections staffed 
by operators who know, from years of 
experience, the most efficient 
methods of dealing with the 
various grades in this medium and 
extreme accuracy of tooling. 


Mica segments. Com- 
COMMUTATORS. mutator end segments. 


LAMPS. Mica Baffle plates. 


Mica valvebridges to 
RADIO VALVES. the very close 
tolerances needed. 
Wire wound mica 
a ead elements, Mica washers, 
4 separators, Flexible Mica. 


SWITCHGEAR. Built up Mica washers. 


Mica washers, Mica 
RADIO AND TV. Trimmer plates. 


ELECTRIC Mica heater elements, 
IRONS. wound. 


Mica heater elements, 
TCASTERS. wound. 


CAPACITORS. Mica Plates. 


Tubular eyelets can be fitted to Mica parts, or 
supplied separately. 


All manufacturing processes including splitting, 
gauging, punching and checking, and inspection 
are carried out at Delanco Mica Division, at our 
Leonard Street E.C.2. factory. 


Welewee mica 
Anglo-American Vulcanized Fibre Co. Ltd 


MICA DIVISION - CAYTON WORKS - BATH STREET: LONDON - E.C.1 
Telephone: CLE 3271 Grams: PROMPSERV, AVE, LONDON , 
DELANCO WORKS : LEONARD STREET : LONDON «: E.C.2 
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COMPACT COOLNESS 


In a sense it’s an optical illusion. A magnetron valve cooler made by 
Marston sits snug in the palm of the hand—but, thanks to the ingenious 
corrugations of the secondary surface heat-exchanger, it presents two- 
and-a-half square feet of surface area. This is just one instance of the 
compact coolness Marston offers the electronics industry. Marston 
heat-exchangers, whether air- or liquid-cooled, are designed specific- 
ally for preserving component life and efficiency and reducing the drift 
of transistor characteristics. Don’t design round these problems: 


Marston can help you overcome them. 


MARSTON EXCELSIOR 


MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND 


MAP 26« 
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Designers and manufacturers have been quick to SY With plastic covers for protection in transit 
appreciate the advantanges of T.M.C. ZETTLER and to keep out the dust when installed. 

RELAYS. The number of applications for which 
they are used increases daily. They give utmost ; 

reliability and handle power from microwatts to Y Which accommodate mercury tubes for 
kilowatts. Where space is limited, their choice is switching large loads. 

destined to become a matter of course. 


“a With latching features. 
There are T.M.C. Zettier Relays — 


a With gold flashed contacts to give maximum Y With twinned contacts. 


eliability. 

ee i To MIL specifications as used by NATO. 
‘ule With injection moulded nylon lifting pins ; 

to give high stability. The three T.M.C. Zettler Relays illustrated—acTUAL 


SIZES —are examples of the many types available. 
a With a wide range of operating coils. They extend T.M.C.’s already wide range and make- 


Please write for illustrated literature 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division C - Hollingsworth Works - London SE21 - Telephone: GIPsy Hill 2211 
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Temperature Detection 


q Degussa 
Thermocouple 
Assemblies 


suitable for continuous 
working under varied con- 
ditions and temperatures 
up to 1800°C. Bare Thermo- 


ane tolerances can azote DEGUSSA 
eaecctiaeet HANAU 


on: «siete 


Degussa ) 
Compensating 


Leads 
as bare wires or with 
various coverings. 
Solid or stranded 
conductors; single, 
double or multicore 
cables, according to 
requirements. 


ib aac ct ssl a atk ee tas « 
Cee ve 


Degussit 
Oxide Ceramic 


Tubes 


(including pure sintered 
alumina, particularly for 
use with rare metals). 
Very large range of 
single or multibore tubes 
and sheaths in various 
oxide ceramics with the 
highest thermal, chem- 
ical, mechanical and 
electrical properties for 
protecting thermo- 
couples against heat and 
corrosion. 


Degussa Resistance 


ON SHOW AT STAND M561 Sr eeeeecnee sens 


Elements only supplied, or com- 


1.E.A. EXHIBITION, OLYMPIA MAY 23-28 °° sccmbusssuitable for the 


most arduous conditions. Tem- 
perature range —200°C to +850°C. 
Special uirements considered. 
BUSH BEACH & SEGNER BAYLEY LTD., a 
St. James’ House, 44, Brazennose Street, Manchester, 2. Tel: Deansgate 5134-8 Telex: Chemicals, Mchr. 66180 
TA 3825 
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new ADDO-X digital printer with floating decimal point 


The new Addo-X STE (S) digital 

printer is specially designed to 

print out from digital volt 

meters, ohm meters and other 

equipment giving automatic 

range setting —and thus requir- 

ing the print-out of a variable 

decimal point. It can also be 

supplied with half the capacity For full details, orspecial- ; 

decimal and half special, to en- a ee = = 
‘ : ion, ease ° 

able a small calculating register aaa Calculators)Ltd.. 

to be used. 


appo-x Automatic Data | 
These modifications can also be processing Division, 
applied to most Addo-X add/ EmpireHouse,St.Martins- | 
listing, shuttle carriage and le-Grand, London EC1l. 
accounting machines...arange ™MoNarch 7991. P 
which covers innumerable 4 
applications in this sphere of SaaS | 


Automatic Data Recording. PusIMESS MacHimes 


Stand 864 Instruments, Electronics and Automation Exhibition, Olympia. 


DTV 
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THE NEW FOSTER 
ELECTROMECHANICAL 
INDICATOR-CONTROLLER 


SIZE 
REDUCED BY 44 


WEIGHT 
REDUCED BY 2 


PRICE 
pepucer BY 


of that of the famous 









The New FOSTER Electromechanical 
Indicator Controller, 


Flexipush Indicating Controller— yet its 
performance, durability, accuracy and 
ean sensitivity is in every way equal to the 
Cease 


The Famous FLEXIPUSH Indicating Controller. 


well-known qualities of the Flexipush. 




















There are identical models available for those who prefer the mechanical mode of 
operation and those who prefer electronic operation. Control Functions: Model 3545 
ON/OFF (two step) and three step (with variable width intermediate step) 
and programme control. Model 3555 ON/OFF (two step) and three step 
(with variable width intermediate step) and programme control. 


ATTENUATING and SATURABLE REACTOR control models available. 





Only FOSTER Indicating Controllers incorporate 
the famous RESILIA MOVING COIL SYSTEM. 


ea TY 


FOSTER INSTRUMENT CO. LTD., LETCHWORTH, HERTS., ENGLAND 


Members of B.1.M.C.A.M., S.ILM.A., and S.I.R.A. Phone: Letchworth 984-5-6. Grams: Resilia, Letchworth. 








GOLDEN JUBILEE YEAR 1960 


We shall be delighted to see you at our Stand 
No. C. [Il at the |.E.A. Exhibition at 
Olympia 23rd—28th May 1960. 






Advt/WT/IO/F 
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‘ 
ONE OF OUR ie 
BIGGEST JOBS 15 qAMM— 
TO SET PEOPLE TO REAL'SE > THAT WE 
THAT WE DONT, JUST = DONT JUST 
MAKE THE WORLDS FINEST . oe 
T/V AND RADIO SETS > FINEST. ™ 
(WELL we CANT HELPIT 1 QUES \ 
IF THATS WHAT e ’ 
THEY CALL THEM) 


WE ALSO TVRN \ 
OUT A LOT OF REALLY 
OVTSTANDING INDUSTRIAL 


CONTROL PRODUCTS 
LIKE 


_ = THIS FREQUENCY 
€ TO ANALOGUE CONVERTER 
MRC 2061 


— AND THIS 
TRIP AMPLIFIER 


~ AND THIS BELT 
WEIGHER INTEGRATING 
METER. 


g 
4 COME Td THINK (F 
IT WEVE BEEN MAKING 
SPECIALISED ELECTRONIC 
DEVICES SINCE 1939 
AND DOING IT 89 WELLAND (WELL IF THAT 
SELLING SOmUCH OF IT THAT dor gn't D0 THE 
WE GET JUST A BIT HURT TRICK AND GET THEM 
A ec aee N aiae eeee 
MURPHY - OF COURSE ,— Li ? 
WIRLDS FINEST TV 4 ALL do Palas 
gf CONTROL 
eeetene tei EGuIPMENT. ++) 


a 


See us at the 
1.E.A. EXHIBITION 
Olympia—May 23rd-28th 
Stand E209 


MURPHY RADIO LIMITED, ELECTRONICS DIVISION, WELWYN GARDEN CITY, HERTS. 


Telephone: Welwyn Garden 3434 
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IN EVERY 
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Learn here how Solartron its accelerating progress, 


cutting costs and solving problems in your field ! 


Telecommunications 
Radio 

Television 

Facsimile 
Teleprinting 

Radar & Sonar 


Aviation 
Railways 
Shipping 
Roads 
Spacecraft 


Raw Materials 


Minerals 

Mass Production 
fron & Steel 
Textiles 
Food & Drink 


Nuclear 
Water 
Electricity 
Gas 

Steam 

Solar 

IC Engine 
Gas Turbine 


Insurance 
Banking 
Credit Control 
Stock Control 
Warehousing 
Packaging 
Retailing 


Services 


Technical Training & 
Education 


Schools & Universities 


institutions 
Public Authorities 


Hospitals & Medical 
Science 


SUES 


A complete range of precision measuring 
instruments, oscilloscopes for every applic- 
otion; dynamic analysis equipment ; digital 
display instruments and both conventional 
ond transistorised power supplies. 


Line and radio link power 
measurement; a.f., and r.f. ampli- 
fier testing; precise calibration; 
vectorial measurement and oscil- 
lographic, metered or digital dis- 
play; microwave test and power 
supply instrumentation. 


Vibration analysis and display; 
evaluation of aircraft and auto- 
motive servo systems; testing of 
mobile electronic equipment; 
design and development of power 
controls, instrumentation of re- 
search vehicles and guided 
weapons. 


Full range of precision electronic 
instruments for all aspects of 
measurement in industrial re- 
search, development and pro- 
duction test. Choice of high- 
accuracy meter, oscilloscope or 
digital display presentation. 


Instrumentation for supply test- 
ing and visual display. Stabilised 
conversion (AC-DC), and battery 
replacement (transistorised) 
bench units and sub-units. Vec- 
torial measurement and analysis 
equipment. Test instruments for 
gyros, synchros, and servo- 
mechanisms. 









Ut 


For use in technical colleges and 
universities—oscilloscopes, 
measuring instruments and 
power supplies of highest quality 
Reliable, ruggedly constructed, 
functionally designed and utilis- 
ing the most up-to-date design 
techniques. 


UU 











Advanced modular construction ‘ Spoc Prec 
series computers ranging from the S—om tran 
lifier Analogue Tutor, through ‘ Mnispa: play 
and ‘Space 30” to ‘Space 60’, 90’~q, ndu 
larger special-purpose machines. cord 
Synthesis and evaluation of net. 


works; repetitive test of simy- 
lated systems under programmed 
conditions; design evaluation of 
overhead transmission § equip- 
ment; solution of dynamic traffic 
loading problems. 


Servo system, suspension and 
power transfer system simulation 
and evaluation. Solution of | 
aerodynamic, hydrodynamic and 
allied linear and non-linear pro » 
blems of advanced nature. In 
vestigation of fuel or gas flow and 
throttling in jet and turbine 
engines. 


1 
! 
‘ 
; 
j 
f 
‘ 
t 






Process control simulation 


evaluation of complex p 





processes. Investigation of re- 
actor thermodynamics and 
kinetics. Determination of critical 
and runaway conditions. Syn- 
thesis of power transmission 
networks. 









Derivation of future national and 
international business trends by 
analogue simulation based on 
known information and laws of 
economic inter-relationship. 


‘ 
Simulation of nuclear reactor Cc 
controllers and basic reaction pl 

‘ 

‘ 

' 


Simple computers, desi 
specifically for training 
solution of differential 
and basic dynamic p 
invaluable also for 
operators of larger 
machines. 
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aaa Hat) 


US Me Tee BUSINESS Machines 





DATA PERL 





omni hil june 
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tien Shen Precisior tra-high temperature pressure Training, tactical and special-purpose evalu- ERA, Electronic Reading Automaton, reading X-Ray Spectrometer—for continuous, ac- 
» the Smem transduc data logging, conversion, dis- atory radar simulators having the highest business information directly from original curate non-destructive analysis , Electron 
> * Minisper play and high-speed print-out equipment ; degree of display authenticity. For advanced documents. Cybernetic-principle machines Checkweigher for precise packaging con- 
0”, 90’ mg» ndustria u!ti-channel magnetic tape re- training in, and appreciation of, military, for accelerated training in manual co-ord- trol; programmed actuators automatic 
es. corder ré »ducer systems. naval, A.T.C., or marine navigation radars. ination processes. warehousing order-filling equipment 

| 2 

} Transducers used by a =, 

ristol Aircraft in ; 

yn of net. Bristo 7 , Accelerated training of morse, 

; “ 


of simu- developing T.188 teleprinter, Teletypesetter and 


»grammed other operators by cybernetic 

















luation o training machines. High-speed 
nN equip- ei E recognition of printed data for )) 
mic traffic transmission serially in any form 
over existing telecommunication |. 
or radio links. _ 
.. , 
\ X-RAY SPECTROMETER 
nsion and | Data logging from test rigs of Air traffic control training and Reading of p.s.v. ticket tally rolls Control of transport fleet over- 
simulation multiple variable parameters; evaluation of new systems, train- for central data processing, pro- haul schedules by routine spec- 
lution of | high accuracy magnetic recording ing of air force, naval and mer- viding traffic analyses and cash trometric analysis of IC engine 
ynamic and of local or telemetered data from chant marine radar operators and return information to operators oil, thus assessing accurately the 
linear pro > aircraft or missiles; strain and controllers. Tactical training in in a fraction of the time pre- wear of bores and bearings. 
nature. i pressure measurement instru- manoeuvre or combat-air, sea, viously required. 
zas flow and mentation; high-speed digital re- or combined operations. 
nd turbine cording from test rigs and proto- 
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owe , 
textile, b 
emical 


lear reactor 
asic reaction 
ation of re 
namics and 
tion of critical 
ditions. Syn- 
transmission 


-e national and 
ness trends by 
ion based on 
vn and laws of 
lationship. 








types. 


measurement of pres- 
under exceptional con- 
Monitoring, logging and 
or digital recording of 
data for every industry. 
control of plant and 
is by magnetic tape and 
d error-sensing equip- 


Continuous monitoring of sup- 
plies—electricity, water, gas, 
compressed air, etc. Digital log- 
ging for permanent record, 
digital display for remote super- 
vision and control. Precise pres- 
sure measurement under ex- 
treme conditions. 


RADAR SIMULATOR 


DTS Tae. 


Simulation means more concen- 
trated training, more effective 
training—in radar appreciation, 
for control, navigation or defence. 
Simulated radar data can be fed 
to early warning systems to give 
vital recognition practice and 
heighten awareness under emer- 
gency conditions. 





High-speed reading of tally rolls 
from public utility meter readers 
—gas, electricity, water. Pro- 
vides more immediate and con- 
centrated record for accounts 
and control needs, direct input 
information for computer assimi- 
lation. 


High-speed serial reading of 
printed or typewritten charac- 
ters for computer input use. In 
banks, insurance companies, Co- 
ops., Govt. departments, public 
utilities and all large organiza- 
tions handling continuous-feed or 
separate document information 
sources. 


Training for complex muscle-eye 
co-ordination tasks achieved im- 
measurably more quickly and 
effectively than by human in- 
struction. Unsuitable pupils 
quickly assessed thus improving 
training economy factor. 

























Continuous analysis and control 
by X-ray spectrometry down to 
Atomic No. 12—non-destructive, 
high-accuracy. High-speed elec- 
tronic checkweighing of finished 
or cast parts integral with in- 
spection processing. 









LARTRON 


_ * 

































High-speed electronic weighing 
of packaged foods, etc., at rates 
of up to two per second; auto- 
matic warehousing for insti- 
tutional, wholesale or retail 
application—input demand ren- 
ders listed items available inside 
fifteen seconds. 






















OVOTEMS 


It must be apparent from the pattern of the preceding pages 
that Solartron product lines are inter-related and complemen- 
tary in application. 

Continuous research and applications engineering in all these 
fields gives Solartron, now, a unique insight into present-day 
and future requirements of industry, resulting in a really 
soundly based systems capability—ability of the highest order 
to judge and advise in terms of tomorrow, to see the whole 
picture and do the whole job. 


WHAT A ‘SYSTEM’ DOES 


A ‘system’ is a purposive interconnection of electronic and 
other units, working together to solve a problem or to effect 
precise control in a specified way. Parts of an electronic system 
are concerned with measurement, others record, compute or 
compare. There may be—as in a controller which optimises a 
process—no. visible output; or, for another application, 
measurements may be printed-out at a hundred a second. 
However the job is done, electronics gives you closer control, 
faster presentation of information, points up trends—gives 
timely warning of deviations. In the sphere of training, elec- 
tronics is essentially impartial, flexible—a dozen blocks ahead 
of human teaching; for communicating information electronic 


COMMUNICATIONS 





W 


to the MAILING LISTS Supervisor 
THE SOLARTRON ELECTRONIC GROUP LIMITED 


45 Thames Street, Kingston-on-Thames, Surrey 
I would like to receive future Solartron publications 
dealing with the subjects I have ticked opposite. 


Name... 
Position Held 


Company (Name and Address) . 


CAPABILITY 


ee a 


techniques are instant and error-free. Learn how your industry 
can use electronics—ask Solartron. 
CLOSING THE GAPS 

Solartron, in addition to continuously programming expan- 
sion in the field of precision measurement and display, have 
repeatedly ‘broken through’ in research; in ‘ERA’, to clear the 
bottleneck at digital computer inputs; in ‘SAKI’, which uses 
advanced cybernetic principles to speed operator training— 
plus a host of advances in magnetic recording, analogue-to- 
digital conversion and very-low-frequency dynamic analysis. 
Tiny pick-offs which faithfully transmit intelligence under 
extreme conditions are in production at Farnborough by 
methods which give new meaning to the word precision. Radar 
simulators, automatic X-ray analysers, high-speed printers and 
a new generation of ‘learning’ machines too, are in production 
in this ultra modern manufacturing plant. 

Whatever the skills and types of ‘know-how’ needed to find 
the best solution to a systems problem, benefit from continuous 
cross-fertilisation of ideas—talk to Solartron experts inO & M, 
data processing, mass manufacture and process control, auto- 
mation, computing, simulation or training. Then let us advise 
you, whatever your industry, on the best solution to the 
measurement and control problems you see ahead. 


enquiries should be addressed to THE SOLARTRON ELECTRONIC GROUP LIMITED 
Victoria Road, Farnborough, Hampshire. Telephone: Farnborough (Hants) 3000 





cut this out and send NOW 











RAPID OPERATION 
HIGH GRIPPING POWER 
NO OPERATOR FATIGUE 
ROBUST CONSTRUCTION 






















Depth of | Maximum | Minimum Power Length 
Jaw Opening Opening | Movement | Overall 

: = 

nic ” on” 1” ” ” ” 
A] |G 4 


— | 
A time and labour saver for 


matic gripping workpieces at pre- 










— 


tw 





E RANGE 


2 determined pressure. 


Cle Ps > aa Pay es 2 
- 7 Amouws Fa YI) “ar laa 1/00 de ) 





m. PRATT & CO. CIMPTES : HALIFAX , ENGLAND 
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if you had an 
all seeing eye 


If you had an all seeing eye you would at 
once realise the importance of Plannair 
Wafters, for you would be able to observe 
them simultaneously at work in very many 
electronic equipments and those of allied 
fields. 


At once you would be impressed by their 
reliability and adaptability to miniaturised 
electronic equipment, wherever a small 
general purpose blower is needed. 


Plannair Wafters offer the Design Engineer 
a compact, lightweight, streamlined and 
particularly silent answer to problems 
arising from localised ‘ hot spots’. 


Plannair, as a specialising body, is com- 
pletely single-minded in its dedication to 
the solving of air movement and tempera- 
ture control problems. Plannair contributes 
the most efficient blowers, weight to output, 
in the world today. Our knowledge could be 
of assistance, you think? Then we'd be 
more than happy to help! 


The Plannair Wafter Unit 3PL101-409 


TECHNICAL SPECIFICATION: 


Housinc Designed to comply with the Ministry of 
Aviation requirements to meet the Specification 
No. 1086B for tropicalisation. In light alloy anodised 
finish incorporating black moulded rubber resilient 
mouldings for supporting motor. Terminal block 
mounted on outside. 

DIMENSION 34” long, 4” dia. over bell mouth, 432” dia. 
over rear flange. 

weicuT 1 |b. 6 oz. 

imPELLER Moulded fibre glass. 

motor Shaded pole type wound for 110/115 V or 
230 V single phase 50 cycles. Consumption 12 watts. 
PERFORMANCE 50 c.f.m. under free air conditions. 
speep 2,600 r.p.m. 

NOTE: The Plannair Wafter is available in a number of alter- 


native housings. Send for the Plannair Wafter leaflet which 
gives full details of units available. 


gg AM 
PLANNAIR LIMITED Windfield House, Leatherhead, Surrey. 
ag gt el R ” Tel: Leatherhead 4091/3 & 2231 
@ PLasia 
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presenting 


the most 
advanced 


MULTI-RANGE 


SELEG 
teren net 


TEST METERS 
ever 


designed... 


Accurate readings can be taken 
with the instrument in any 


position. The resistors, S iE; I 


rectifier, transformer, movement, 


switches and automatic cut-out 

are mounted on a robust S E E, E C T E S T 
printed circuit board, enclosed 

in a strong attractive, 


two-tone dustproof case, with 8 U a £ R K & S U » E R 50 


a@ unique carrying handle. 


Send for leaflet No. SK.50/6002/C 


SALFORD ELECTRICAL INSTRUMENTS LTD. (Sees 
STAND E.211 
LEA. EXHIBITION 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fluids that are water-repelient 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
—are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remember—Midiand Silicones Ltd have consistently set the pace for British progress 
in this fast developing field. Remember, too, that-—while silicones cost more initially—this 
extra outlay is more than offset in terms of greater efficiency and long term economy. 


@S) MIDLAND SILICONES LTD 


( Associated with Albright & Wilson Ltd and Dow Corning Corporation) 


first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 - TEL: KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham ~ Glasgow - Leeds: London~ Manchester - Agents in many countries 


e®eeeeeveeeeeeeeeeeeeeeee ee? 
NAME 
COMPANY 2... 


@ MSF I 
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+ HIGH STABILITY 


Even when the highest 
sensitivity is in use, mains 
voltage variations over the range 
180-260 volts and temperature 
changes of 20° can be tolerated 
without significant change of 
operating point. This means that 
once the equipment has been 
initially set up it will need 

no further attention. 


ye RELIABILITY 


A transistorised printed 
circuit is employed for its 
high reliability. 


MAINS OR 
BATTERY 


Either a mains power unit or 

a battery unit is fitted to order. 
Under maximum current 
conditions the battery life is 
excess of 200 hours, at 4 hours 
per day, but in many applications 
the battery life may well be 
extended to the shelf life. 






























Nothing touches... 


PROXIMITY DETECTOR 


TYPE N266 


The Proximity Detector Type N266 is a capacity-operated 
switch with a wide range of application in the fields of measure- 
ment and control. It is operated by any physical variable 
appearing as a small movement. The equipment consists of a 
control unit housed in a robust cast light-alloy industrial case, 
sealed against the ingress of dust and moisture, together with 
a sensing probe. The probe which contains no electronic com- 
ponents and is therefore unaffected by heat or rough treatment, 
may be fitted with a cover for use in liquids or corrosive 
atmospheres. 


. 
Tk 


See this instrument at the 
I.E.A. Exhibition, Olympia, 
May 23-28, Stand D162 





ASK FOR 
LEAFLET 1994 





— BES Sees = 


In instrumentation | \ | | , | | | (O 


AIRMEC LIMITED 


CONTROL May 1960 


te EXCEPTIONAL 
SENSITIVITY 


Its sensitivity is such that it 
will detect a capacity change of 
0.05 micro-microfarad, 
representing a movement of 
the order of tenths of 
thousands of an inch under 
suitable conditions. 


> PROBES 


A variety of probes (fixed or 
remote) are available for a wide 
range of applications. 


WIDE 
APPLICATIONS 


Level control and counting, 
sorting, grading, gauging, limit 
switching and any application 
involving the detection of small 
variations in the position or 
nature of both conductors 

and insulators. 


makes most things... better 


HIGH WYCOMBE shen 


Tick No 78 on reply card for further details 


HIGH WYCOMBE 2501 





4 




























DHB-7269 











NERVOUS 
-YRRITABLE 
~> HYDRAULICS 


€ 
2 Here are two useful products that help you 
Ss 
a 


HML manufacture a wide range of high 
precision hydraulic test equipment. Please 
write for full details. 


Chi aS HML ENGINEERING LIMITED 


Head Office : 466-490 EDGWARE ROAD, LONDON, W.2. Tel: PADdington 0022 (12 lines) 
Works: HARPERS YARD, ST. JOHN’S ROAD, ISLEWORTH, MIDDX. Tel: ISLEWORTH 30/1 










make the most of a single supply hydraulic 
system. 


HML AUTOMATIC GAUGE ISOLATOR 

Protects Gauges from sudden surges beyond their capacity. 
The adjusting screw is set to isolate at 90% of the gauge 
full scale reading. Fit a number of pressure gauges together 
with their appropriate isolators and obtain a very accurate 
indication of pressure throughout the entire system. 





HML VARIABLE PRESSURE REDUCER VALVE 


The only pressure reducing valve on the market today that 
will maintain set reduced pressure under varying pressure 
and flow conditions. Pressure range 0-5000 p.s.i. Flow 
range 0-10 g.p.m. 


British Patents 
applied for 
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Hartons Installations Limited 
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See 


THE LATEST Fielden 


The Bikini range of temperature instruments and the Electronic Control system are being 
exhibited for the first time, at the I.E.A. Exhibition. Anyone interested in the accurate, reliable 


control of process variables would be well advised to see our unique developments at Stand C10. 


BIKIN/ 


PRECISION TEMPERATURE CONTROLLER 





A completely sealed 
unit providing ON/ 
OFF control action. 
The dial is accur- 
ately calibrated and 
the instrument can 
be up to 300ft from 
the measuring point 
without affecting its 
calibration. Avail- 
able in many Centi- 
grade or Fahrenheit 
ranges and with 
suppressed zero. 


TEMPERATURE RECORDER 





The Recorder 
is a compact in- 
strument which 
operates on the 
same principle as 
the Indicator. It 
can be fitted with 
control contacts 
of proportional 
control and its 
indicating scale 
is clearly read- 
able from a 
distance. 


temperature 
instruments 


These are inexpensive transistorised instruments designed 
to operate with resistance bulbs. They provide the accuracy 
normally associated with much more expensive instruments. 
Their simple design gives even greater reliability. 


TEMPERATURE INDICATOR 


Another completely 
sealedunit requiring 
no maintenance. 
This is a_ self- 
balancing indicator 
and can be fitted 
with a control con- 
tact. The price of 
this equipment and 
the economies which 
can be effected in 
installation make 
this a practical 
alternative to 
mercury - in - steel 
indicators. 





THERMOCOUPLES 


An equivalent series of instruments is available 
for use with thermocouples. These are self- 
balancing D.C. Potentiometers and the control 
facilities which can be fitted to the above 
recorders can also be fitted to these. 


CONTROL May 
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STAND 


C110 
LEA. EXHIBITION 

















Va es 


electronic control 








* Complete system from variable to control valve 
* D.C. Transmission free from effects of Pick-up . 
i 
enh tink Dinah Any Process Variable 
a * Safe, low energy transmitters on plant 
-y | 
™ %* Moving coil meters can be used for indication | 
\ *% Choice of three displays when using controller ; 
Transmitter 
i * Complete flexibility for use in hybrid electrunic/ 
pneumatic systems 
ly 
ng : 
= | * Drift free controllers 
if- 
‘ 
nd | * Extremely low maintenance 
n- 
= ' %* Low capital cost 
me 
ke * Low installation cost 
cal 
to 
eel \ 
IMPORTANT NOTE 
Whilst all the units have been designed to fit into the complete system 
individual units often provide the most economical solution to particu- Control Valve 
lar measurement problems. For example, remote indication of tem- 
perature, pressure level flow, etc. can be achieved with just the 
= appropriate transmitter and a moving coil meter. 
rol 





Also on show..... 





yg" 





ELDEN ELECTRONICS LTD 


LEVEL CONTROLLERS AND INDICATORS 

A comprehensive range of capacity operated in- 
struments including the latest versions of the well- 
known Tektor Controller and Telstor Continuous 
Indicator. 

MULTIPOINT TEMPERATURE INDICATOR 
Equipment for indicating up to §0 pts. at tem- 
perature from below 100° C to above 1600° C. 


WYTHENSHAWE 
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MANCHESTER 


TRANSISTORISED SERVOGRAPH RECORDER 
Compact, inexpensive, servo-operated recorder 
with minimum range 0-25 microamps D.C. 

FOUR POINT RESISTANCE THERMOMETER 
Transistorised instrument using resistance bulbs. 
Particular features are its stability and very high 
reproducibility. 
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THE ANSWER TO CONTROL PROBLEMS 


AUDCO ANNIN VALVES 


DOMOTOR CONTROL, CYLINDER 
AND HANDWHEEL OPERATED. 
IN SIZES }” TO 10” 


Audco Annin Valves are recognised by Control 
Engineers and Valve Designers as the outstanding 
valve development of the past 25 years for the 
control of hot, cold, erosive, corrosive or viscous 
liquids. 


THE DOMOTOR 


supersedes the conventional diaphragm and 
spring type servo-motor. A power piston with 
integral positioner, the Domotor is capable of: — 


% Positioning the valve with an accuracy 
measured in thousandths of an_ inch, 
regardless of varying stem forces. 


+ 


Longer stroke allows improved trim design. 


% Equal power available throughout the 
stroke. 


% Supplied with side-mounted-handwheel if 
required. 


% Will open or close on main air or 3-15 psi 
instrument air failure. Available to ‘ open’ 
or ‘close’ on increasing signal pressure. 
The Domotor can be readily converted to 
either application on site. 





Used to operate Audco Annin Control 
Valves of up to 2500 ASA rating. 





AUDLEY ENGINEERING CO. LTD., AUDCO ANNIN DIVISION, EASTERN AVENUE, GLOUCESTER. TEL: GLOUCESTER 21451-5 
——— es §8A Division of Audiey Engineering Co. Ltd. Newport Shropshire 
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The Paraphone 40-hour Recorder 


CONTROL May 


1960 


@ EPSYLON Recorders offer you some 

very exclusive features for sound 

recording. For example, there are Epsylon audio recorders of the very 
highest studio fidelity for the most exacting professional application 
or the Epsylon Paraphone recorder— designed for continuous music in 
aircraft, clubs, hotels, factories—plays for long periods without attention, 
and gives a 40-hour programme without repetition. Some Epsylon 
audio recorders are fixed, others are portable, working from any stan- 
dard mains or from batteries. Highly refined instruments, each ideal 
for its job. Typical of Epsylon. Other Epsylon recorders, of course, are 
equally ideal for recording data, vibration, speed, acceleration, stress, 
temperature, etc. 


EPSYLON INDUSTRIES LTD Faggs Road, Feltham, Middlesex, England. 


A member of the Stone Platt Group 


Telephone : Feltham 509! 


LE.A. EXHIBITION, Stand No. D167 
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CONTROL VALVES = with Solenoidor 
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Steady development of solenoid 
and diaphragm-operated valves 
has produced a large number of 
models suitable for controlling 
gas and oil fuel. 

Valves for general control 
applications (pneumatic and 
hydraulic) and highly specialized 
uses (guided missiles) are also 
available in an increasing num- 
ber of types to meet modern 
technical requirements. 



















Designed for use on 
hydrogen at operating 
pressures of 14,500 psig. 
Test pressure 22,000 Ibs. 
psig. (DOLV.) 









OHV gas valve _ specially 
developed for controlling 
Solenoid gas valves up to High-pressure 3-way valve up to Miniature 4-way air valve radiant gas heaters (in co- 
6” BSP (threaded or flanged 4000 psi for missile and machine for double acting power operation with Horstman 
connection). (LG. series.) tool applications, (TW /VHP.) cylinders, (FW2.) Gear Co. Ltd.). 























Solenoid - operated 
lever valve with 
reversible cage giv- 
ing direct or re- 
verse action at will. 
For high viscosity 
oils. (HDOL.) 





Miniature gas pilot valve 
(LGM.,). £1.0.0 






Specially developed for gas cooker 
use, and suitable for a wide range 


of domestic and other small appli- 
ances. (AVG.) £2.0.0 


oo 


/ 











i"—1" light duty 
gas, oil and air valves 
(LG/LD series £2 . 10 . 0). 










AUTOMATIC CONTROLS LTD LEAFIELD - CORSHAM : WILTS 


A member of the ELLIOTT-AUTOMATION group 
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The largest range of PRESSURE SWITCHES 
in the World... 










Craracterised by small but ro- 


bust switch action rated up to 





5 amps, the Black range caters for 


pressure signalling and control 


n a eee functions for all kinds of industria! 
switch incorporating two 
: diaphragms giving opera- 


tion at very small dif- 
ferentials and very high 
pressures — fully adjust- 
able. (DPS. Mk, 11.) 


applications including missile and 


nuclear energy requirements 





Constant flow valve 





Miniature pressure switch 


designed for con- for sequence operation, 
trolling the flow of High pressure switch 
oil to burners fed for the range 200- 


by ring main for up to six switches to 
the Steel Industry. 10,000 psi, fully ad- operate at different 


(FCV.) justable. (VHPS.) pressures, (VPS /MU.) 






FI h can be provided with 
ow switc 


in stainless 
steel. (FSW.) 


2 












ated 
with 
giv- 
re- 
will, 
osity 
) Differential pressure Miniature pressure 
«ache apageh aod Miniature fully adjust- regulating valve for 
sures up to 250 psig able pressure switch for air or water pres- 
ene temperatures up air, oil, etc., up to 200 sures up to 140 psi 
to 350°C, (DPS Low pressure switch psi. (VPS/ A.) PRU.) 
Mk, Il/s.) 1”-30” we with ad- 
justable differential. 
(LPS.) 
Telephone : Hawthorn 156 *A.1.D Approved AUTOMATIC CONTROLS LTD 
A member of the ELLIOTT-AUTOMATION group 
1960 
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WORKING © 


Solenoid operated rotary selector 


The latest development in Style C-switches is the multi- 
position rotary power switch with solenoid operation, 
which replaces power relays. This unit occupies far less 
space than other control systems; it simplifies wiring, 
assembling and servicing. It carries out the operations 
triggered off by limit switches, timers or push buttons 


without those banks of relays, and its uses include: 


May we send you further details? 


The most versatile switches in the world 





new and quite unique! 
FOR YOUR 


AUTOMATIC 






SYSTEMS 


rf 2 





and power switches 


Automatic sequencing of machine tools 
Special purpose machinery 

Processes 

Automatic motor starting 


Changeover in power supplies, etc. 
style ( -switches 


Distributors for the United Kingdom and Eire and some Commonwealth countries 


CHILTON ELECTRIC PRODUCTS LIMITED 
HUNGERFORD, BERKS. Telephone: Hungerford 237/238 
London Office: 19 Old Queen Street, S.W.1 Telephone: TRAfalgar 2239 
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a compact 


inexpensive 
electronic controller 


WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited 

Ruislip Road East Greenford 
Middlesex WAXlow 2333 


Iam interested in the 
Versa-Tran Controller. 


Please send me 

Specification Sheet 

S 1010-6 (Temperature) 0 
S 1017-1 (Liquid Level) 0 


POSITION 


ADDRESS 


Sales Offices in the principal towns 
and cities in the United Kingdom 
and throughout the world. 


1 
| 

1 

| 

| 

| 

| 

| 

| 

NAME | 
| 

| 

| 

! 

| 

l 

l 

J 
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for 
Temperature— 
Liquid level 


* Now, the Versa-Tran —a transistorized controller that’s 


versatile enough to be used in many applications. 
Small, compact, no valves, no warm up time, gives 
instant reaction. Works with sensors that can be 
thermistors or probes. Can be used in such 

varied applications as packaging machines, 

injection moulding machines, cooking vats, 

tyre retreading, and tank level, etc. 

Has a temperature control range from —60°F. to + 500°F. 
The Versa-Tran is the result of 


traditionally superior Honeywell engineering. 


Honeywell a 
—— 


ExuHItBITION 
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(3 s\2y stabilized 
d.c. supply at 4 amps 


How to obtain high current 
constant voltage D.C. supplies? 


You could use cumbersome batteries with their need 

for constant attention, but it is far simpler and certainly 

more reliable to use one of the new ‘Advance’ Constant Voltage 

D.C. Supply Units. This latest development in the application of 

Constant Voltage Transformers can be used to provide various d.c. 
supplies up to quite high current levels, as used in computers and data 
processing equipment. We shall be pleased to arrange for one of our technical 
representatives to call and discuss your requirements. 


These new D.C. Supply Units... . 

® Provide HIGH CURRENT OUTPUT AT LOW COST 

@ Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 

® Have HIGH ENERGY RESERVOIR, thus are suitable for 
pulse, intermittent or variable loads 

®@ Operate with HIGH EFFICIENCY 


/ \ 


BESESERE 


CONSTANT 
VOLTAGE 


EXHIBITION 


D.c. POWER SUPPLIES STAND NO, C107 


Full technical details available in leaflet G 59 
dvante COMPONENTS LIMITED 
—— EEE — 


ROEBUCK ROAD * HAINAULT + ILFORD + ESSEX * TELEPHONE : HAINAULT 444 
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RECTIFIER 
BRIDGES 


- CURRENT DERATING CURVE 


i sl scanieacdlansei ieee peta ved ieneedineeeicaielinesde 
Le ee ee tL) 

ve bb ede TT 
LET TTT IT TTT AT 
Cee te ee 
Les PEA 


2» EECCA 


* FOR DIRECT MAINS OPERATION “40-20 0 «620 40 «60 80 100120 
DERATE BY A FACTOR OF 2. AMBIENT TEMPERATURE °C. 


@ For prices. applications and further details apply 


G.& E.Bradley Ltd 


SEMI-CONDUCTOR DIVISION - Telephone Gladstone 0012 
ELECTRAL HOUSE, NEASDEN LANE, LONDON, N.W.10. 
A Subsidiary Company of Joseph Lucas (Industries) Ltd. 








aAacoontouse 


DIRECT CURRENT AMPS. 


I TION 
NO, C107 


Joseph Lucas Ltd 


LIMITED 
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Emgel & Gibbs Limited 


WARWICK ROAD - BOREHAM WOOD) HERTS. TELEPHONE: ELSTREE 2291 /2/3/4 


ELECTRICAL SWITCHGEAR MANUFACTURERS 
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Data Processing 


The new Hagan Kybernetes System enables a new 

approach to the problems of scanning, logging, alarm 

scanning, optimising, programming and other general 

requirements of data processing systems. 

Of modular construction and utilising solid state 

components, the system features optimum reliability 

with such flexibility that a new dimension is added to 

data processing. 

In its basic form, the system is a simple logging unit 

for recording process data on a log sheet or other output 

device. The modular construction facilitates expansion 

and is in keeping with the Hagan approach to computer 

control, which, in broad principles, requires the follow- 

ing progressive steps: 

* Installation of a solid state electronic analogue 
control system. 

* Installation of a solid state electronic scanning/ 
logging data system. 

* Installation of computer capacity to compute from 
processed data. 

* Use of computed data to optimise analogue control 
loops. 

* Addition of programming for automatic starting/ 
stopping and day-to-day operation. 





AN CONTROLS 





The Kybernetes system is readily adaptable to fulfil 
these requirements and offers a truly economic means of 
obtaining self-optimising process control. 


Pneumatic Equipment 


The Hagan range includes pneumatic signal trans- 
mitters for pressure, temperature and flow measure- 
ments and a unique pneumatic relay whereby the signals 
from such transmitters may be added, subtracted, 
averaged, multiplied or divided in any desired manner. 
The Hagan Ratio Totaliser is a pneumatically operated 
control mechanism for accurately combining input 
signal pressures and spring forces to produce a single 
output signal pressure. The output represents the 
desired combination 
of the input signals. 
A maximum of 
three input signal 
pressures plus three 
spring forces can 

be accommodated 
in a single unit. 











HAGAN CONTROLS LIMITED 
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To provide British Industry with the service and equipment required for all 
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aspects of automatic control, a new Company has been formed. 
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Electric and Electronic Equipment 


The use of electric and electronic control elements for pro- 
cess control applications is steadily growing by virtue of 
simple installation and the virtually instantaneous trans- 
mission which is inherent in an electric system. 

An expanding range of Hagan electric control equipment 
includes pressure, flow, and motion transducers, and the 
“PowrMag” solid state analogue computer control which 
is shown here. 


The Hagan “PowrMag” system employs magnetic 


amplifiers in analogue computer technique, thus ensuring 
long and maintenance-free service with completely static 
equipment. The “ PowrMag” system represents the most 
advanced approach to a universal solution of industrial 
process control problems. 





14 GROSVENOR PLACE, LONDON, S.W.1. 
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Telephone: BELgravia 6382 
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HAGAN CONTROLS LIMITED embodies the considerable 
development facilities and resources of The Plessey Group of 
Companies with the unique operational experience and 
‘know-how’ of Hagan Chemicals & Controls, Inc., one of 
America’s leading producers of instrumentation and control 
systems for combustion applications, industrial processes, 
aeronautical test gear and similar specialised equipment. 

Hagan designs embody wide range adjustment to suit site 
requirements and it has been found that standard units can 
usually be applied immediately to individual and complex 
applications. Furthermore, although the majority of Hagan 
Control components have been primarily designed for 
operation in Hagan auto-control systems, individual com- 
ponents have demonstrated a remarkably wide range of 
versatility in other applications. 


Hagan Ring Balance Flow Meters, 
Transmitters & Receiving Indicators 


These equipments provide an answer to all 
problems connected with fluid flow measure- 
ment, control, and recording. They provide an 
indication of flow rate with an accuracy of 
+0.5 % of full scale range down to 10% of 
full scale and are sensitive from 10° to zero. 
The Hagan range of receiving instruments 
may be used in conjunction with a ring balance 
flowmeter, pressure transmitter, a resistance 
thermometer bulb or other suitable electrical 
element. 

Hagan Pressure Recorders such as Type 6001 
illustrated here can embody pressure elements 
ranging from 0-20” WG to 0-3000 Ib. sq. in., 
or a considerable 
number of combina- 
tions, including 
pressure and tempera- 
ture compensating 
features and a pneu- 
matic transmitter or 
controller. 
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Tie ale 
EU a 
SELECTION 


VSS 
AUTOMATIC CONTROL SERVICES 
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- , COMPLETE 
WORLD-WIDE Lia 
INSTALLATION SERVICE 

babe | SPECIALIST DEPARTMENTS:- 


Process Control Instrumentation 
Panel Design and Manufacture 
Site Installation 

Data Processing 

Machine Control 

Autoblending 

Control Laboratory Engineering 
Telemetering and Remote Control 
ty 


Stand No. H 361 INSTRUMENT 


1.E.A. Exhibition, USER C B 
Olympia-23rd-28th May Wibmaihainanbes 


CONSTRUCTORS JOHN BROWN LIMITED 
AUTOMATIC CONTROL DIVISION 


ROXBY PLACE, FULHAM, LONDON, S.W.6. 
Telephone: FULHAM 7761 
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MECHANICALE:HANDLING EXHIBITION 
STAND LL3 





















AIR CYLINDER USERS 









SINGLE 
SOLENOID-OPERATED VALVE 


For controlling double-acting cylinders at air line 
pressures of 20-150 p.s.i.g. Perfectly suitable for con- 
tinuous Or intermittent use. Air is used to move the 
valve mechanism in each direction without the neces- 
sity for a return spring. 





When fast reciprocating 











cylinder piston movements are 


required Schrader Solenoid 








Valves offer the ideal means of 
actuation. Single or double 
solenoid types are available, 
both using electrical limit 
switches. The single type 
operates while the single 
solenoid is energized. The 
double solenoid valve 
incorporates two electrical 


circuits and operates or returns 



















DOUBLE 

in response to momentary SOLENOID-OPERATED VALVE 
energizing of either of the Also for controlling double-acting cylin- 
: ders but permitting a longer dwell time in 
solenoids. either direction without using continuous 
electrical energy. Valve mechanism is 

moved with positive action in 

~ each direction by air line pres- 


sure. Range 20-150 p.s.i.g. 
SCHRADER ’ os 


AIR CYLINDERS 

CONTROL VALVES 
AIR EJECTION SETS 
AIRLINE COUPLERS 
BLOW GUNS 


chrader 


CONTROL VALVES 





To: A. SCHRADER’S SON, Air Control Products Dept. C 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 







Please send details of Schrader SOLENOID CONTROL VALVES |and_ Air Ejection Sets 
Airline Couplers 


Air Cylinders ( 
Blow Guns 


MARK THOSE 
REQUIRED 












NAME 


ADDRESS 


Tick No 97 on reply card for further details CONTROL May 1960 





VU 


3000 TYPE RELAY 












As supplied exclusively for 


BERKELEY POWER STATION 


A.1.D. A.R.B. 
ADMIRALTY APPROVED 
3000 & 600 TYPE RELAYS 








WITH TRANSPARENT DUST 
COVER AND PLUG-IN BASE 
SIZE OF BASE 23° x 1)" xi’ 


NOW SUPPLIED AS FOLLOWS 


° 6 Change-overs Light Duty Transistorised to operate as low as 3 micro-amps 
¢ 6 Makes or 6 Breaks Heavy Duty A.C. Operation for: 6v. I2v. 24v. 50v. 110v. and 250v. A.C. 
* 2 Change-overs Heavy Duty * Double Wound Coils ¢ P.T.F.E. Insulation 

and 2 Change-overs Light Duty e Operate and Delay up to 5 Seconds 


We shall be pleased to see you on our STAND Q728, 1.E.A. Exhibition, May 23-28 


A.D.S.RELAYS LTD 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.I 
Telephone: CLErkenwell 3393/4/5 








ay 1960 
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STABILISED POWER SUPPLY 
TYPE 214 


Efficient, unfailing accuracy in all testing 
operations is guaranteed with the STABI- 
LISED POWER SUPPLY TYPE 214. Now 
widely used in experimental and produc- 
tion applications, this heavy-duty unit 
provides an exceptionally stabilised output 
which can be varied continuously from 0 
to 500 V.—in two ranges at currents up 
to 250 mA. There is also an unstabilised 
output at 430 or 630 V., D.C., as well as 
two A.C. outputs. Voltages and currents 
are monitored to 1% accuracy. 


SPECIFICATION 


POS. OUTPUT NEG. OUTPUT Grae) NEG. wwe en 
VOLTAGE 0 to 500 V. 250 0 to 
CURRENT 0 to 250 mA. 0 to a mA. 
STABILISATION 1S mv. 
RIPPLE | mY. 500 IY. 
A.C. OUTPUTS Two outputs at 63 V., SA 
MAINS SUPPLY 200 to 250 V., 50 c/s in 10 Vv. steps 


Please write for further specifications 


Precision Workmanship in 


STABILISED POWER SUPPLY UNITS 


TRANSISTOR POWER SUPPLY TYPE 2TV/301 


Specification Per Unit 


OUTPUT VOLTAGE +0 to 30 V. OUTPUT CURRENT 0 to | caer 
OUTPUT RESISTANCE 0:01 ohm STABILISATION 1500 : 
RIPPLE 1 mV. p to p MAINS INPUT 200 to 250 V. A.C. 50 on 
Please write for further specifications 


Two completely independent stabilising units— 
each monitored separately—are incorporated in 
the POWER SUPPLY TYPE 2TV/301. The units 
feature semi-conductors for control purposes 
and have a very low output impedance allow- 
ing maximum loading with negligible change in 
output voltage. Cut-outs and fuses are provided 
for protection against accidental overload. Typi- 
cal applications are D.C. heater supplies, accumu- 
lator replacement, transistor development and 
electroplating research. 


For full information and descriptive literature on other 
LABORATORY TESTING EQUIPMENT 


call, write or phone. 


KASAMA ELecTRONICS LTD. 


ILEX WORKS 10, NORTHWOLD ROAD LONDON, N.16 
STAmford Hill 3513 
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PNEUTOMATION 


Stand No. HH. 24 First Floor 

MECHANICAL HANDLING 

EXHIBITION ee a 7% 

(May 13) a Br P. 


power 


in its place " 


_ #8 a 
Power delivered economically % i ea 
and accurately to the mh 
place where you need it — 
that is the function of Lang 
Pneumatic Control equipment. 

It can be used to control 

any processes or sequence 

of processes; with Lang 
Pneutomation in charge, 
production rises and quality of 


output is maintained. 


Lang Pneumatic Control equipment 
is available “‘off the shelf ”’ for Gy 
inexpensive installation. Plan with a ai 


Lang Pneumatic for efficient production. 


PNEUTOMATION CANNOT FORGET 
PNEUTOMATION — 
ENERGY UNDER CONTROL 


Says Mr. Squinch: 

If work is slow—and your 
production’s static 

No need to fish around for clues, 

Just write to Lang Pneumatic. 


Write to: 


OWEN ROAD - WOLVERHAMPTON o Tel: Wolverhampton 25221-2-3-4, 
‘ 7 
o ed 2 


- 


; 
~ a 
h 


(ASSOCIATED WiTH DESQUTTER BROSw id 


Telex No. 33193 ev ws 
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double beam Serviscope . . . a logical 
development of the original, highly successful 
S.31 single beam Serviscope. Though weighing 


only 26 lbs. in its rugged steel case, the D.31 

has capabilities greater than many more elaborate 
instruments, plus many improved features 

which make for wider application, more 


accurate measurements and simpler operation. 


D.C. amplifiers and slow speed time base (down to 5 sec/cm if necessary) are eminently 
suitable for servo work and similar applications. Fast rise time (.06 usec) and high 
writing speed (10cm/ysec at maximum expansion) are essential for any work dealing 
with fast pulses or TV waveforms. The unique triggering arrangements enable complex 
waveforms to be examined in detail with complete accuracy of synchronisation. At 
this moment D.3]1 is in use in the diverse fields of computer development and servicing, 
radar equipment, telemetering applications, closed circuit and broadcast TV, automatic 
telephone equipment —in fact in any field where a double beam oscilloscope is 
essential. The D.31 costs £95 


See the D.31 double beam ‘Serviscope’ on stand $853 at the IEA Exhibition. 


TELEQUIPMENT LTD., 313, Chase Road, Southgate, London, N.14. Telephone: FOX LANE 1166 
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SEE US AT STAND 103 
1.E.A. EXHIBITION 


Here is one trom the 
Pullin range of 
Standard size OC. Morors 


SIZES 08, 11, 15 and 18 
Governed and ungoverned 


types available 


Here is the International frame size 18, permanent magnet d.c. 
motor—one from the renowned Pullin range of precision, low 
voltage, permanent magnet d.c. motors designed for maximum 
performance and reliability even under most arduous operating 
conditions. 


At 28 volts d.c. input: torque at 5000 r.p.m. 300 g.cms;; stall torque, 
Most types are 


goo g.cms. If speed governed: 3000 r.p.m. +1°%. As Tacho-Generator: available from stock. 


IOV. per 1000 r.p.m. 


Synchros - Servo Motors 
Motor Generators 


Servo Amplifiers - Servo Gearboxes 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS GREAT WEST ROAD BRENTFORD MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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ANOTHER 


POWER SUPPLY BY 





THE PPS 


Specifically designed to satisfy the requirement for a compact 
high-grade power supply at low cost, the PPS incorpor.tes a 
unique electronic cut-out, protecting both instrumcni and 
load, and is therefore ideal for developing and testing 
transistor circuits. 























Output continuously variable from 0 to 15V 
Maximum load current 0°5A 
Output impedance: d.c.-less than 0°01 ohms 
a.c.-less than 0°2 ohms (up to 100 kc/s) 
Ripple less than ImV peak to peak 
Dual range voltage and current meter 
Electronic cut-out adjustable from 50 to 500 mA 


Nett price in U.K. £40 


FY HIBITION 


STAND No. C107 Leaflet No. B102 available on request 
in their range of 


LABORATORY GRADE 
STABILIZED POWER SUPPLIES 





VERSATILE * LOW SOURCE IMPEDANCE + POSITIVE OVERLOAD PROTECTION 
PPI 


Com ive suppl h.t. and Lt. 
stabi oceev eeKA. 
150V, 30mA; 0-150V, SmA, two 6-3, 


4A a.c. 

H.T. source impedance variable from 
0-1 to 40 ohms 

Artificial ripple injection 

Nett price in U.K. £150 

Leaflet No. B103 available on request 


PP3 


Two supplies: 0 to 30V, 1A max. 
Up to 60V by series connection 
Ripple less than Imv p.p. 

Nett price in U.K. £110 

Leaflet No. C62 available on request 








SCHSSSESHEHSHSSHEHSHEHHEHHEHSHEHSHEHEHEHHEHEHEHEHEEHEEHS EEE Oo ME Eee 2el td bee el AALS Le) Se es 


LT.WCa. ROEBUCK ROAD + HAINAULT + ILFORD » ESSEX * TELEPHONE ? HAINAULT 4444 
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Let 
strain gauges 
take the 

load... 


... Of engineering problems 
off your mind 


One example is the new, smooth-working, 
easily handled cargo crane, designed and 
manufactured by Stothert & Pitt, and tested 
in collaboration with the Saunders-Roe 

Foil Strain Gauge Field Service. 

The use of Foil Strain Gauge techniques 
can lead to more efficient designs with 
consequent economies in production and 
cost over a wide range of industrial activity. 
Saunders-Roe engineers are actively 
engaged on this work and can help you 
with your problems, 

Foil Strain Gauges can be incorporated 

in transducers for industrial measurement 
of such factors as, weights, pressures, 
torques, tractive effort and horsepower. 
For details of Saunders-Roe Foil Strain Gauges 
and Field Service, write to... 


SAUNDERS OROE 
A member of the Westland group of companies 


STRAIN GAUGE DIVISION 


OSBORNE, EAST COWES, ISLE OF WIGHT 


VISIT US ON STAND R826 AT THE I.E.A. EXHIBITION 
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Now manufactured in Britain ! 


uchieves a previously unattainable 


SPEED with ACCURACY in 


The Coulter Counter represents a major advance in the technique 
of analysis measurement. In all those industrial applications where 
fine particle measurement is used for research or quality-control, 
this instrument offers a speed and accuracy previously unattainable. 
In many cases it has made possible dynamic production control 
where this had been out of the question. In the Coulter principle 
a dilute suspension of particles in electrolyte is drawn into a small 
aperture through which an electric current is passed. Each particle 
changes the resistance in the aperture proportionally to its volume. 
The resultant series of pulses are amplified, scaled and counted. 
A proved success in America, where today over 500 Coulter 
Counters are being used in medicine and industry, this instrument 
is now available in Britain. Full details and technical literature 
will be sent by return. Please write to the manufacturers : 









FINE PARTICLE MEASUREMENT = 





% Response is linear with particle volume. 


%* Calibration is direct. Simple prepara- 
tion of the sample is_ readily 
reproducible. 


% High sensitivity (d* response) and 
statistically particle counts with very 
low “point scatter”. 


* The size range (0-5 to 300 and up) 
covers particle diameters of countless 
materials vitally important in a 
wide range of industries. 





PRESENT APPLICATIONS OF THIS 
VERSATILE INSTRUMENT INCLUDE 


Food Processing, Textiles, Crystals, 
Minerals and Lubricants 


9999 COULTER ELECTRONICS LTD., 4 AURIOL MANSIONS, EDITH ROAD, LONDON, W.14 
Telephone: FULham 8033 


Patents have been granted or applied for in the following countries. 
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United Kingdom, Germany, France, Holland and most other countries in the world. 
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control engineering— 


The experience gained by this Company over many years of Control 


Engineering in almost every industry, together with considerable 
resources for research and development are available to you for the 


solution of your present and future control problems 


ENGLISH ELECTRIC 


control gear 


See our exhibit on Stand E 215 
Instruments, Electronics and Automation Exhibition 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Tel: Kidsgrove 2141/3 


A WORKS: STAFFORD - PRESTON + RUGBY BRADFORD " LIVERPOOL ACCRINGTON 
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The Illustration shows our P.4 

Series arranged for panel and | 
base mounting with machine 
type handle. 


ARROW Rotary Packet switches have, 
for many years, enjoyed an enviable reputation for 
excellence of design and fine performance. 
g P P.4 SERIES 


Considerable saving in cost can be effected by the Maximum Non-Reactive Ratings 


simultaneous switching of various circuits using 30/35 Amps 250v AC/DC 
20/30 Amps 440v AC/DC 
15/25 Amps 600v AC/DC 


ARROW Rotary switches, 
QUICK DELIVERY 


Write TODAY for a copy of LIST R.P.2. describing our P.4 Series 
illustrated here. 


Visit us at the |.E.A. Exhibition, Stand Q 780 


ARROW ELECTRIC SWITCHES LTD 
a a baad HANGER LANE | 


* LONDON W5 


31 
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We are designers and manufacturers 
of Standard and Special 


‘cDEV 


(Registered Trade Mark) 


BUTTERFLY VALVES and LOUVRE DAMPERS 


for flow control and for tight shut-off 





Suitable for: almost any Fluid Materials: all ferrous and non- 

Range: 2” to 82” bore ferrous metals and plastics 

Temperature: minus 250° to plus Flange rating: all British, Ameri- 
1400°C can and International European 


Pressure: vacuum to 800 p.s.i. and’ Standards 


more 
NO MAINTENANCE REQUIRED 










Tight closing, High pressure 
O-SEAL Mark Il BUTTERFLY VALVES 


(Pat. applied for) 





Range: 2” to 24” bore Bigger Sizes: of similar design or 
Pressure: up to 800 p.s.i. with spool type Rubber Sleeves 
available 


OPERATING GEAR 
Our Valves and Dampers are suitable for manual 
operators or electric, pneumatic or hydraulic actua- 
tors for remote manual or automatic control. 












We welcome your enquiries and our Agents will 
call on you on request. 


THE D.E.V. ENGINEERING COMPANY LIMITED, 299 CHAPELTOWN ROAD, LEEDS 7. 


Telephone & Telegrams: LEEDS 49019 
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Representing the world's greatest range of electronic components, instruments, systems 


Beckman: 


INTERNATIONAL 


cx 


EXHIBITION 




























J 


Make a point of visiting Stand R805, National Hall Gallery to 





see the latest in precision instruments, including... 


Duodial Precision Turns-counting Dial 


Zeromatic pH Meter 
Eput Meter * Digital Recorder 


industrial pH Equipment 


Helipot Precision Potentiometers > 


Portable Oxygen Analyser 


Gas Chromatograph 


Dissolved Oxygen Analyser 


123 Data Logger 


Universal Eput and Timers 


infrared Spectrophotometer 


4 Digit Controller + Digital Volt-Ohms Meter 


Recording Spectrophotometer } 







Beckma Wi°/ Instruments Limited Beckma M°/ Instruments GmbH 











Glenrothes, Fife, Scotland Frankfurter Ring 115, 

Tel: Glenrothes 2151 Munich 45, Germany 

Telex: 72135 Tel: 33.25.85 Telex: 05123823 
Grams: Beckman, Glenrothes Grams: Beckman, Munchen 


Y 187 
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The above photo shows the Analog Computing System which 
was purchased by Harwell and recently installed at the U. K. 
A. E.R.E. Winfrith Heath Laboratory at Winfrith, Dorset, 
England. This System consists of two fully expanded PACE 
231 R Computers, which are of great assistance to scientists 
of this world famous Research Center in their Nuclear Studies. 


Important types of Nuclear Problems that can be solved by 
Analog Computers include the following : Neutron-Flux Dis- 


tribution, Reactor Dynamic Analysis, Radioactive Fallout . 


Predicting, Xenon Poisoning in Reactors, Reactors & Power 
Plant Simulation, Linear Proton Accelerator Design, and 
Diffusion Problems. 


Among the outstanding advantages that PACE can offer Nuclear 

Clients are : 

* The experience and research facilities of Electronic Asso- 
ciates, world’s leading producers of Analog Computers for 
over 8 years. 

High quality and reliability, evidenced by .01% linear and 
non-linear components - standard with PACE since 1954. 
Ability to offer a wide range of linear and non-linear 
elements, together with all types of input and output 
equipment. 

Built-in automatic features to ease programming and 
problem preparation, such as ADIOS (Automatic Digital 
Input-Output System), AERO (Automatic Read Out System), 
Automatic Problem Check, and new removable Modular 
Pre-Patch Panel. 


* E.A.I. sells over 300 systems each year, ranging in size 
from 10 to over 500 amplifiers, permitting it to maintain 
high quality at economic cost to clients. In the past two 
years 50 PACE Systems have been sold in Europe alone. 


Some of the European Nuclear clients who have purchased 
PACE, in addition to Harwell, are : 


FRANCE. 

Commissariat @ l’Energie Atomique, 
Saclay HOLLAND. 

Lab. de Physique Nucléaire Philips Research Labs 
Univ. de Paris Reactor Centrum 

Cie Francaise Thomson Houston K.E.M.A 


U.K. A.E.A. Industrial Group, Risley 


GERMANY. 

Brown Boveri 

Telefunken 

Kernreaktor 

Technische Hochschule Darmstadt 
Technische Hochschule Stuttgart 
Deutsches Elektronen- 
Synchroton ( DESY) 


ITALY. 

Agip Nucleare 

Ca Generale di Elettricita 
Costruzioni Elettroniche e 
Automatismi (C.E.A.) 


SCANDINAVIA 

ASEA, Sweden 

Institutt for Atomenergi, Norway 
Rekeriaktibolaget 

Nordtjernan, Sweden 

Chr. Michelsens Institutt, Norway. 
Atomenergi, Sweden 


GREAT BRITAIN. 

Central Electricity Generating Board 
General Electric Co Lid. 

A.E1. John Thompson Nuclear Co. 


Skilled Application engineers from the E.A.I. European 
Computation Center in Brussels stand ready to assist European 
industries with their Computer Systems and Instrumentation 
problems. 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


ELECTRONIC ASSOCIATES LTD- Works and Head Office : Victoria Road - Burgess Hill - Sussex - England 
Tel. 11.43.69. Telex: PACE BELGBRU. 
European Computation Center and Continental Sales Office - 43, rue de la Science Brussels 4 - Belgium oaten 


Tel. Burgess Hill 26.36 Telex PACE BURGESSHL 
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10 Mc's Fully Transistorised 
With n-Line Readout 


Resilience 
THE RACAL SA.505 DIGITAL FREQUENCY METER 
THE FIRST TO INCORPORATE ALL THE FOLLOWING FEATURES 


Direct frequency measurement 0-10 Mc/s 
Fully transistorised, printed wiring 

7 digit in-line projection display 

Time interval and period measurement 
Self-contained frequency standard 1 in 10’ 
Operates a remote readout or digital printer 


Supreme reliability, lightness and compactness with meagre power consumption are all 
achieved through this successful application of the latest transistor techniques. With 
in-line projection display too, the Racal SA.505 ideally meets the needs of all laboratory 
applications in the fields of frequency and time interval measurement. 


See it on Stand F260 - 1EA Exhibition - Olympia 


Racal Instruments Limited, Western Road, BRACKNELL, BERKS - Telephone: Bracknell 941 
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At the |.E.A. for the first time 
VA SNAP ACTION thermostats and 
ME me V8 eS 


SOME FACTS ABOUT OTTERS 


% Every OTTER thermostat and Safety Cut-Out is 
ACCURATELY and INDIVIDUALLY factory preset 
to customer's requirements. 


te OTTERS take great pride and care in our 
temperature setting. 


% All OTTERS press their contacts together to open them 
with a SNAP... . this ensures LONG LIFE and minimum 
interference to radio and TV reception. 


% The patented OTTER thermometal blade ensures minimum 
sensitivity to temperature change. 
This is 


WE?’LL BE PLEASED TO SEE YOU ON the NEW\PUP 


STAND Q74I 1.£.A. EXHIBITION Stee 


World Patents including : 
Patent Numbers 600055, 62278! , 
624905, 657434, 713443, 749716, 
774911, 782668 and others. 

Also other patents pending. 


ell 941 OTTER CONTROLS LTD., OTTERS ’OLE, BUXTON, DERBYSHIRE - PHONE: BUXTON 650 (2 LINES) 
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Electronic Control 


from simple timing relays 
to complete process control 


systems 


AE I specialists will advise you on... 


> precision control of motor drives 
> voltage control 

> photo-electric process control 

> control of resistance welding 

> remote control of cranes 


> machine-tool control 


Please write for technical data and a copy 

of our brochure, ‘Electronics in Industry.’ 

Give us details of your control problems, and we 
shall be glad to assist you. 


Associated Electrical Industries Limited 
Electronic Apparatus Division 
NEW PARKS, LEICESTER, ENGLAND 


A593 


1.E.A. EXHIBITION — VISIT STAND E213 
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Visit us at the <7 ———— 
1.E.A. Exhibition 
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“MODEL C 
This single element high precision potentiometer has many 
applications in computers and servo systems, or as an angular 
displacement (or position) transducer. 


It is available with 10 different wiring variations of which one 
is illustrated. 













Running Torque 0°2 — 0°5 g/cm Temperature Range — 55°C to +85°C 
Resistance Range 200 to 750 K ohm Max. Operating Speed 500 r.p.m. 
Power Rating | watt Noise < 2uV 


The above data applies to a standard linearity of 0°5%%, but linearities 
of 0°25%, 0°15% and 0°10% are available. 


‘ Pps “Me 
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MODEL H 


The H Series is primarily intended for those applications where 
multi-element precision potentiometers are essential. All models 
can be delivered adjusted to the required angle. 

Elements are available with 7 different wiring variations. 


Running Torque 0°5 g/cm per element Temperature Range —55°C to +85°C 
Resistance Range 200 — 50 K ohm Max. Operating Speed 500 r.p.m. 
Power Rating 0°5 watt Noise < 2uV 

The above data applies to a standard linearity of 0°5°%, but linearities 


of 0°25%, 0°15% and 0°10% are available. 
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New instruments for 
INFRA-RED GAS ANALYSIS 


BY ONERA ‘80’ 
Detects from trace amounts to 100%. 
This new analyser which is suitable for 


both laboratory and process applications 
is now available in this country. Over 


1,000 instruments have already been sup- 
C 0 h T ei 0) i plied. Write for further information. 


and they’re accurate... 
ELLIOTT-ACCURATE ! 


Here are some of the latest instruments from 
the Elliott range of process control equipment. MOISTURE MEASUREMENT 


Types 26-301 and 26-302 Portable Moist- 
Instruments you can depend on absolutely for use Mionlines muneswuie sacieare in gas 


: : from less than I ppm to 1000 ppm and 
accurate control. The Elliott range of analytical ath fen sees. Ts abate 


and control instruments also includes: series High Pressure Moisture Monitors 
can operate at pressures up to 10,000 psig. 
Write for Bulletins 1834 and 1855. 


Viscometers, Mass Spectrometers, 
Leak Detectors, Refractometers, 
Titration Analysers, Fluorimeters 
and Spectroscopic equipment. 


QUALITY CONTROL 
INSTRUMENTS 
DIVISION 


ELLIOTT BROTHERS (LONDON) LTD PLANT GHROMATOGRAPHY 


Century Works, Lewisham, London SE13 Tine shee Valen, Chins, 
Telephone . TiDeway 1271 \ Outstanding features of this instrument 


include pre-cut column, explosion proof 
\ bell, vaporiser regulator, automatic zero 
\ adjustment, continuous variable attenu- 
Ey A MEMBER OF THE ELLIOTT-AUTOMATION GROUP WN ation and bar graph presentation. Fully 
\ automatic control systems are available 
for use with this analyser. Write for 

Bulletin 1836C. 


Tick No 115 on reply card for further details CONTROL May 1960 





MYWITti terres) eee 


li my Why T } nN) MM 
ak Ey 
Si NM [LT 


YUL) 


UMMM, 


Stand B60 
Instruments, 
Electronics & STUD SWITCHES 

Automation Exhibition 5 
Olympia — TOGGLE SWITCHES 
May 23— 28 


ATTENUATORS AND FADERS 


PUSH BUTTON SWITCHES 


HIGH STABILITY 
CARBON RESISTORS 


FIXED AND ADJUSTABLE 
WIREWOUND RESISTORS 


MIDGET R.F. CHOKES 


WIREWOUND POTENTIOMETERS 


KNOBS DIALS POINTERS 
TERMINALS 


PLUGS AND SOCKETS 


PRINTED CIRCUIT CONNECTORS 


RIGHT ANGLE VALVE HOLDERS 


Painton & Co. Ltd. 


KINGSTHORPE - NORTHAMPTON 
Tel: 34251(10 lines) grams :'Ceil, Northampton’ 
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PRESSURE GAUGING - with the heat on! 


If you make a product which needs pressure 
instrumentation or control under extreme 
conditions you should know about the 
Solartron High-temperature Transducer 
N.T. 4-317. Whether it’s engines, weapons, 
missiles—or even plastic toys—you can 
learn more about your product, faster, 
more accurately, with these tiny pick-offs 
which are remarkably stable and linear 
even up to 600° F. 
Small wonder then that Bristol Aircraft 
Limited chose the NT. 4-317 in 
developing their outstanding T.188 
supersonic research aeroplane. 
Pressure ranges are from 100 psig 
to 5,000 psig, compensated 
temperature range is 
—65° F to + 600° F. 


Write now for data sheets 
of this and other transducers in 
the Solartron range. 
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The DIDAS Transmitter : M2 DIDAS receiving and recording in laboratory conditions 


Speedy measurement and analysis of data has 
become a necessity in modern industry. 

Armstrong Whitworth Aircraft have developed data 
; ce ~ handling systems for measurement and remote 
@ Extremely High Speed 125434 >: control. The data can be transmitted at the speed of 
@ Compact 354 978679 light by radio,or bycablelink, with extremeaccuracy. 
Saine 'N One system (the DIDAS vehicle system), over 
® Reliable Ss "=. 250,000 different readings can be obtained in one 
. . minute. Analogue/digital and digital analogue 
@ Modern Construction 21 : convertors, working at over 50,000 conversions a 
“979 ; second, eliminate processing bottlenecks. Systems 

@ Rugged but light s : can be engineered to customers’ requirements. 


@ Fully Transistorized 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED, Baginton, Coventry, England 
(A member of Hawker Siddeley Aviation) 
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FIXED CAPACITOR needs 


in our catalogue? 


g _ it includes good ranges of the following types 
‘ELECTROLYTICS’ 

FOIL AND PAPER ‘BLOCKS’ AND ‘TUBULARS’ 
METALLISED PAPER ‘CANS’ 

‘CERAMICS’ 

(‘TUBES’, ‘DISCS’ AND ‘LEAD-THROUGHS’) 

» ‘SILVERED MICAS’ etc., etc. 
















Radiospares Ltd. 
4-8 MAPLE STREET - LONDON: WI: ENGLAND 
Telephone: EUSton 7232-9 
TELEGRAMS : RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability 





This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Accuracy to + 0°1% or better on repetition work, + 0°5% or better over a 20°1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


Contains only one moving part — no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures. 


No larger than the pipeline in which it is installed — may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


The de Havilland Pottermeter 
will be demonstrated on 


Can measure volumetric or mass flows. 
STAND Q.730 
at the Models available to measure flows from 0°1 to 40,000 Imperial gallons per minute, 
1.E.A. EXHIBITION at a wide range of operating pressures. Larger and smaller sizes made to order. 
Olympia Can measure flow of any liquid or gas, irrespective of its lubricating or non-lubricating 
May 23 to 28 properties, at temperatures ranging from -455°F to 1500°F. 


Manufactured as standard in stainless steel — can be made in any non-magnetic material. 
Rapid response rate permits transient flow studies. 


Write now for further details to: 


DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts. 





YNDON 
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NEVER BEFORE 
“Taylor 


TRANSCOPE 
RECORDER 
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6” x 6” Panel cutout 

Full 4” 30-day chart 

0.1% Threshold sensitivity 
Receives 3 variables 

Front control settings 
Integral alarms 


Pl teruu bu rh AAT PAA AF. 


Complete cascade system 


a 


| 


Plug-in controller 


Oh RRL ern aS 


Dust and Splash proof door 
Totally enclosed case 


“SERVOMATIC” MOTOR ASSURES LIFETIME ACCURACY 
The 3-15 psi. Transmitter signal is received and am- 
plified by individual force balance servo-mechanisms. 
Efficient spring feedback and powerful longstroke 
pneumatic motor give 150 times greater power than 
normally available for pen positioning. This means 
long, trouble free life! 


0.1% THRESHOLD SENSITIVITY— 

A WEW STANDARD OF ACCURACY 

Responsiveness to transmitter out-put is 0.1%; and 
because of the very small pneumatic displacement of 
the input capsule, the response is practically instan- 
taneous. You see more minute process changes, 
enabling you to make optimum control settings to 
increase yield of specification product. All servos are 
identical and interchangeable. Servo-pen connection 
is by means of cable... no long, jointed, flimsy links 
or levers. Allows perfect linear conversion from 
rotary motion .. . repeatability is truly amazing. 
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. » » SO many features 


in so 
PANEL 


UNIQUE SET POINT TRANSMITTER 
A big exclusive is the all-new “Set Point 
Transmitter”. It allows continuous automatic 
control during recorder removal. The plug-in 
transmitter assembly itself may be removed, 
and the control valve sealed in operating 
position. 
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BIG 4”, 30-DAY CHART — 

DEPENDABLE ELECTRIC DRIVE 

+++ Same recording area as 12” circular chart 
«+. 3 hours of record visible . .. reads left to 
right like newspaper . . . variables plotted on 
Straight vertical axis ... has automatic rewind 
++.» convenient read-back feature . . . chart 
roll merely drops onto spindle. . . 3-way lock 
against slippage . . . chart swings aside for 
instrument settings while continuing to 
record . . . chart drive pulls out for simple 
reloading . . . automatic pen lifters. 


little 
SPACE 





SEE THIS AND OTHER 
PNEUMATIC 
ELECTRONIC 

PNEUMATIC-ELECTRIC 

& ELECTRO-PNEUMATIC 
INSTRUMENTS ON 
STAND D161 


1.E.A. EXHIBITION 
OLYMPIA 23-28 May 1960 





Hale End Road, Walthamstow, London, E.17. Telephone: Larkswood 5533 


A subsidiary of the Taylor Instrument Companies, Rochester, N.Y., U.S.A 
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ELIMINATES MESSY PEN FILLING 
3-month’s ink supply comes factory sealed in 
disposable clear plastic cartridge — instantly 
replaceable. Rides on indicator arm. Powerful 
SERVOMATIC drive eliminates effects of 
friction and changing ink supply. As many as 
3 variables which may be recorded or indicated 
— colour coded — each with its own direct- 
reading scale. 





EXPEDITES INSTALLATION 
Sleeve with manifold can be installed during 
panel erection. The Recorder and Controller 
are simply plugged in at time of process 
start-up. This protects instruments against 
risks of damage. 


OPTIONAL ALARMS 

High-low set cams or 2-high or 2-low 
assemblies may be attached to 
SERVOMATIC MOTOR to actuate either 
electric or pneumatic alarms. Picture shows 
Microswitch on left, air valve on right. 


123 





...and it could 
happen to you! 


In every factory where there are electric motors, there is the ever 
present danger of fire due to electrical faults such as single phasing 
and overloading — especially when starters are used that do not 
include the protection that is a basic part of the DUPAR TFK Starter. 
Don’t be tempted to economise on a starter that may be a few 


shillings cheaper, but does not include this positive protection. 


THE DUPAR TFK STARTER INCLUDES THE SPECIAL ET PROTECTOR 
— your insurance for complete safety of motor operation 


UN ni 


DEWHURST iounstow mvp 
HOUNSLOW MIDDLESEX 
& PARTNER LIMITED Telephone: HOUnslow 0083 (12 lines) 
Telegrams: DEWHURST HOUNSLOW 


Field Offices at : 
BIRMINGHAM - GLASGOW - GLOUCESTER - LEEDS - MANCHESTER - NEWCASTLE - NOTTINGHAM 
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of the most experienced companies 


in the world have joined resources to found 


ASSOGIATED TRANSISTORS Ltd. 


a company devoted to making the world’s 





finest range of semiconductor devices 





Automatic Telephone & Electric Co. Ltd. 


and to apply the unique fund of knowledge 


DUS aCe ee 





accumulated by these three organizations 


Ericsson Telephones Ltd. 





the Symbol of Reliability 





GHAM ASSOCIATED TRANSISTORS LTD - Stonefield Way - South Ruislip » Middlesex 
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Are you using the latest developments in 


AUTOMATIC 
Ha VT 


PLURAL 


‘ANALMATIC’ equipment provides automatic chemi- 
cal analysis with the highest standard of reliability and 
accuracy. It has been installed by leading companies for | 
process and quality control. ‘ANALMATIC’ equipment 


cuts costs, frees trained chemists from routine work, 


improves efficiency in existing plant and enables new | 
techniques and processes 


to be introduced. 


‘ANALMATIC’ AUTO-TITRATION EQUIPMENT 


The AUTO-TITRATOR is an outstanding example of the ‘ANALMATIC’ 
range. It can monitor a number of identical process streams by carrying out 
titrations to potentiometric, redox, ‘dead-stop’ or pH end points, or by 
colorimetric methods. Results of analyses can be provided as frequently as 
once every three minutes and can be fed direct to plant control systems. The 
AUTO-TITRATOR is designed to be easily adapted to suit the individual 
process. There are many applications in the production of heavy chemicals, 
petroleum products, pharmaceuticals, paint and paper and in brewing, water 
purification, and many other fields. 

We shall be pleased to discuss the specific applications of ‘ANALMATIC’ 
equipment to meet the requirements of your process. 

Burette Unit 


INV NG Gain 


1.E.A no. N 603 


Automation in analysis 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 
Branches in London, Manchester, Glasgow. Agents throughout U.K. and all over the world. 
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Points of novelty 


C UXILIARY’, ‘peripheral’ or ‘ancillary’ equip- 
ment is usually so described in a rather 
dismissive tone, but not necessarily 

because it is thought to be unimportant: develop- 
ment may have been so thorough that the results 
have melted into the background of accepted 
things. ‘Conventional’ is another epithet frequently 
uttered in this well-meaning but dangerous way, 
suggesting that here is something we need no 
longer think about. It is good to have these kinds 
of plant or equipment paraded before us occa- 
sionally, to remind us that they do not just grow 
on trees. That is why exhibitions are useful even if, 
as so often, nothing new is shown. There have 
been times when, footsore and weary after a long 
spell among the stands, we have been bemused 
enough to doubt the purpose and value of it all, 
but afterwards we have usually been glad that we 
went. It is salutary to be jolted into re-awareness of 
forgotten essentials, although not so delightful as 
to discover novelty. 

In the nature of things, most exhibits at a trade 
fair cannot be new, or at least not fundamentally 
so. Mark N is succeeded by Mark N + 1, and there 
may be little in it but a new colour for the case. 
Still, deep-seated change does occur, slowly and 
steadily, and there are few better ways of follow- 
ing it than by seeing exhibitions. Schoolchildren 
are told how improving it is for them to perambu- 
late through a museum. To the engineer, an exhi- 
bition is a museum which is devoted to the quick 
as well as to the dead, and its improving action 
should be so much the livelier. 

The big show for control engineers this year is 
the third Instruments, Electronics and Automation 
Exhibition, which will be open at Olympia from 
23 to 28 May. It has doubled its size for 1960, 
and this is to some extent a just indication of the 
industry’s expansion. A small proportion of the 
display will come from foreign parts, and it might 
have been useful to make this proportion larger. 
The presence of foreign goods is desirable, if only 
to let British engineers take the measure of the 
competition. After all, one of the main functions 
of an exhibition is that of every market—to make 
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possible the simultaneous comparison of many 
different wares. As readers will gather from the 
lengthy preview that we publish this month, the 
I.E.A. Exhibition will certainly do that. 

We hasten to make clear that we do not decry 
the small show. Although an exhibition does tend 
to be valued according to its size, we know that 
there is occasionally more to be learned from a 
modest display. Such small exhibitions are some- 
times disguised by being given other names, per- 
haps out of respect for their ampler relations. Last 
month, for example, the Society of Instrument 
Technology met at the Northampton C.A.T. to 
see an educational exhibition, though it was not 
given that frightening title in the advance notices: 
there it was called ‘An Informal Evening on 
Novel Pneumatic Devices and Applications’. The 
meeting started at exactly the appointed time, with 
a pneumatic BANG! Nine speakers in succession 
then explained their devices with lantern slides 
and hardware, and an occasional gasp or shriek 
(from the hardware). A fair number of the devices 
were commercial goods, and we overheard one 
cynic remark that all this was ‘darn good free 
publicity for some people’. Not fair comment, 
we thought, but it did show that there was a 
recognizable family-resemblance to commercial 
exhibitions. We ourselves did not see this resem- 
blance as either too strong or deplorable, and we 
think that the meeting was a successful experiment. 

Mr. Reginald Medlock, a CONTROL consultant 
and President of the S.I.T., was the last of the nine 
speakers. He showed his ingenious and instructive 
pneumatic plant simulator, which is a lattice made 
of elements possessing stiffness and inertia. The 
motions of the elements are viscously damped, and 
the apparatus simulates a plant with a transfer lag. 
It displays vividly and visually the phase rela- 
tionships that may occur in such a system under 
different kinds of control. ‘ This device,’ concltided 
Mr. Medlock after a diverting demonstration, ‘ has 
one point of novelty that the other eight didn’t 
have: you can’t buy it.’ 

That is the kind of thing one does not usually 
see at trade exhibitions. 
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Germanium PNP ‘Mesa’ Transistors ’ Plan ahead with Texas 
. . . ene i 2G101, 2G102 and 2G110 
Available in production quantities now owe 
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germanium transistors. They 





enable you to retain close parameter 


R.F. and |.F. Amplifiers up to 200 Mc/s 
Power oscillators up to 200 Mc /s i standardising your source of supply. 


control and reliability, while 


V.H.F. R.F. AMPLIFIER 


Stage Gain 
15dB gain 20dB at 100 Mc/s. 


3°5dB noise figure 
at 100 Mc/s. 


f« = 500 Mc/s. 


45 Mc/s |.F. AMPLIFIER 


55dB Gain at 45 Mc/s 
Bandwidth 6 Mc/s 


u“ 


100 Mc/s 150mW CLASS B OUTPUT STAGE -'sv 
Power gain greater than 6dB. ] 


in free air at 25°C. 


At 100 Mc/s. 
Pout... 100mW min. 
OUTPUT (50a) 


Transistor heat sink — Aluminium }” Cube. 


Write for Data Sheets and Applications Information on these and other TEXAS devices 





TEXAS < INSTRUMENTS 


LimMitTteob 


DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 6805! CABLES: TEXINLIM - BEDFORD 
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LETTERS 
°s 


to the EDITOR 


Teasing leader 


SIR: I was interested and tantalized 
to see the reference in your leading 
article in your April number to lec- 
tures in this country by the Russian 
professor Ivahnenko. 

Is it not rather naughty to whet 
readers’ appetites like this, and not 
to tell them more about what was in 
the lectures, and whether copies are 
available (in English) in this country? 

For my part, I would be very 
interested to see how much further 
the Russian professor has taken his 
work than, say, Tustin has done in 
Britain. 

London, N.W.3. L. K. ROURKE 

@ Sorry we could not work as quickly 
as we should have liked! You will 
find a review of Professor Ivahnenko’s 
three lectures on pp. 163-5 of this 
issue, written specially for us by 
G. M. E. Williams of Northampton 
C.A.T.—EDITOR 


justice about jargon 
SIR: I was very angered to see the 
remarks by your ‘ Uncontrolled’ in 
number 22 of your paper. It was not 
correct to accuse the German writer 
of xenophobia because he does not 
like English jargon. I am sure that he 
is just as strict with German words 
which are not exact and precise in 
their meaning. Does not this show 
rather that your ‘ Uncontrolled’ is 
himself guilty of xenophobia with 
which he charges Dr. Roeper? 
Diisseldorf WILLI RAUSCH 

@ ‘Uncontrolled’ tells us that he cer- 
tainly did not intend to give such an 
impression, and that he was trying 
to be completely fair. On reading his 
article again we ourselves feel that he 
succeeded in this, though it may be 
that to a German mind the English 
phrasing conveys a different shade of 
implication. Being fair in our turn, 
we must admit that a similar distor- 
tion in ‘ Uncontrolled’s’ understand- 
ing of German may have led him 
astray also.— EDITOR. 
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Living for computers 
SIR: Mr. Brooker has not played 
quite fair with me in his reply to my 
letter in your April issue. It is both 
polite and realistic to assume that a 
human examination candidate has a 
brain, and the object of examining 
him is to test how good that brain 
is. There is no need to ask him for a 


ws 
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diagram of his nervous system be- 
cause (a) we—or our neurologists- 
already have a good idea of what it 
looks like, (b) it is irrelevant. 

Mr. Brooker has also taken me to 
mean more than I have said when he 
chides me for fearing inferiority to 
machinery. He starts by saying that 
most of us live or work contentedly 
with our intellectual superiors, and 
then adds that many intellectually 
gifted people are happy with bosses 
less clever than they are. Therefore, 
his argument continues, we ought 
to yield sovereignty cheerfully to 
electronic computers: surely a non 
sequitur! How many wars have been 
fought to prevent domination by 
would-be herrenvolks! Why should 
we be more happy about enslavement 
to a computer than to any other 
organism? I have not denied the pos- 
sibility of such enslavement, only de- 
plored it. 


South Kensington D. IDWAL JONES 


Damn automation 


SIR: In defiance of the remarks by 
‘Uncontrolled’ in your April issue, 
I prefer ‘ automatise’ to ‘ automate ’. 
The apparent meaning of that horrible 
journalese word was very well illus- 
trated by your artist on the same 
page. That cartoon ought surely to 
damn the word for all time. 

Reading J. K. M. STUART 


Shocking gears 


SIR: The February and March num- 
bers of CONTROL contained interest- 
ing articles on the choice of gear 
ratios for small servos as dependent 
on the working conditions. These 
small self-contained geared motors are 
very frequently used, and though the 
technical information about them 
sometimes specifies maximum output 
figures, these may not reach the man 
concerned with the system design. 
Such a man may be pardoned for 
assuming that a self-contained gear 
box is capable of carrying—at its 
output shaft—the maximum output 
of the motor of which it forms an 
integral part. This is often not so; 
and failures have resulted from not 
recognizing this fact. 

The user of these gear head motors 
is well advised—in anything other 
than light instrument drives—to ex- 
amine this point carefully. A very 
informative step is to consider the 
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effect of an output load with a re- 
ferred inertia equal to that of the 
motor. No calculations are needed. 
One has only to mount an armature 
and commutator equal in axial lengths 
to those of the driving motor but of 
VK times their diameters, where K 
is the overall gear ratio. A sectional 
scale drawing of the gear box with 
such a flywheel on its output shaft 
will sometimes give one quite a nasty 
shock. 

Although not always realistic, this 
elementary design exercise helps to 
give one a sense of proportion, par- 
ticularly when factors such as limit 
stops and possible shock loads may 
be involved. In many of these gear 
heads the last stages of gearing are 
quite incapable of carrying the motor 
output, even when no shock loads are 
involved. 


London, N.W.2 


HUGH CLAUSEN 





PUBLISHER’S COLUMN 
inhibitions and exhibitions 


Freud is rather démodé in these 
unshockable times, but our 
minds were irresistibly drawn 
to Freudian ideas when we saw 
a recent letter to the Editor. 
We are sure that the Editor 
and his correspondent will for- 
give us for a very mild breach 
of confidence—the temptation 
is tremendous and the sin 
trivial. We should like to invite 
the amateur psycho-analysts 
among CONTROL readers to de- 
vise an explanation for the 
entirely charming salutation 
that was written at the begin- 
ning of the letter. We ourselves 
have been able to think of 
several, and all of them are 
flattering. Just as it must de- 
light the friends of a beauty 
queen who comes to be called 
‘Miss World’, so did it delight 
us to see the Editor addressed 
as ‘Dear Mr. Control’. What 
a wealth of implication is locked 
in that (Freudian?) slip! 

A ‘Miss World’ can show 
her enchantments with enviable 
ease. The task of an exhibitor 
at a trade fair is seldom so 
simple, as well we know, for 
we have been busy designing 
our stand for the 1.E.A. this 
month. We hope that you will 
call on us there, and iell us 
what you think of the exhibi- 
tion. ‘Mr. Control’, alas, can- 
not stay to welcome all comers 
all the time, but if we can help 
you in any way we surely will. 





























Designers of production machines specify 


MAXAM 


for Quality and Precision 


Ports Tapped BSP 













Compression Spring 





Valve Member Side Plates 





Sleeve Drillings 


Control Lever Knob 
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Return-spring Guide Housing 

Close-tolerance ‘0’ Rings " 
Chromed and Polished Bore ( 
This sectioned lever-operated valve is typical of MAXAM detailed design for high- ; 
. o . ( 

efficiency operation, and scrupulous attention to all features that guarantee complete 
reliability with minimum maintenance. s 
* Valve Member— designed and machined to provide * Sleeve Drillings—specially machined and polished to st 





maximum strength whilst offering minimum resistance to reduce packing wear to a minimum and provide maximum 
air flow. air flow. 





* Return-spring Guide Housing — assists spring to provide * Compression Spring — of adequate proportions to ensure 
true axial thrust when returning valve member, thus positive action. 


preventing side wear on packings. * Side Plates — reversible for alternative operating conditions. 


* Control Lever Knob— available in colour for identification * Link Pin—ensures positive direct action 


purposes. 
: ea 2 66°, of current tion i i i whose 
* Ports Tapped B.S.P.—with tube form providing an airtight Seine oa of MAKAM product quality perferuumalll 
seal for #” and 4” o/d copper tube on 3” B.S.P. and and reliability—have planned their future flow production machines 
4” B.S.P. valves respectively. with MAXAM Fluid Power Equipment in mind ! 


* Chromed and Polished Bore—for improved wear MAXAM POWER LIMITED 


characteristics and exceptionally low frictional resistance. 


Distributed by: THe 
cy’ Ri di . : Holman Bros. Limited, Camborne, Engiand; Camborne 2275 
* Close-tolerance ‘O Rings these are specially and at 44 Brook Street, London W.1; Hyde Park 9444 aan 
manufactured to provide positive sealing within Also in Birmingham - Cardiff - Glasgow - Peterborough 
recommended pressure range. Sheffield. Australia - Canada - East Africa « France v) » 


India - South Africa - Spain - U.S.A. - West Africa. 
With Agents and Representatives throughout the world. 









For completely reliable operation 
with maximum economy—specify 
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VIEWPOINT 


S. S. Carlisle, Assistant Director of the 
British lron and Steel Research Asso- 
ciation, sees a lamentable gap .. . 


BETWEEN 
FEASIBILITY AND USE 


Between what is obviously technically feasible in 
the automation of industrial processes and the 
measure of automation actually in routine use, 
there is a lamentable gap. For example, twenty 
years ago remote position-control was in general 
use in the Services for positioning gun turrets. 
Since then there have been major advances in the 
theory and design of such closed-loop control 
systems, in transducer elements for position moni- 
toring, and in the appreciation by industry of the 
value of remote position-control. In steel mills, for 
example, it permits faster and more consistent 
adjustment of the screws of a rolling mill and 
ancillary guides to a specific position than is pos- 
sible by hand-power control. Yet to-day there are 
only about ten mills in this country fitted with 
r.p.c. on mill screws—and not all are working 
satisfactorily. The mill managers want it (if it 
works), and equipment makers say there is no 
technical difficulty, and yet a research association 
still finds it necessary to do work on this problem. 
Pre-set sequential programme control of rolling- 
mill settings is of admitted value, and. a few in- 
stallations have been made, but operationally it is 
not yet satisfactory, often because of technical mal- 
function. 

Studies have been made which show the feasi- 
bility and advantages of digital-computer planning 
of steelworks production and automatic schedul- 
ing of the operation of some processes; informa- 
tion-handling and data-reduction equipment is 
available which can be usefully applied in many 
parts of a steelworks. But what are the chances of 
a rapid and successful application of these tech- 
nologies when there is stumbling over obvious and 
simple developments? 

Different reasons for the gap between feasibility 
and use will be given by the four principal parties 
concerned, i.e. the steelmaker (or other industrial- 
ist) as the user, the plant builder, the instrument 
and control equipment manufacturer, and the 
allied research organizations. However, I think 
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the most important need to-day is for a much 
closer co-ordination of the activities of these 
parties in the following respects. 

Manufacturers of both processing plant and 
measurement and control equipment could learn 
more of the production logic and operational 
aspects of manufacturing processes, so that they 
can design properly integrated plant and control 
systems rather than just supplying components. 

Control equipment manufacturers—some of 
whom have been progressive enough to install 
apparatus on trial in a works on a no-payment 
basis—should be prepared to back their initial 
enterprise with the effort to ensure that the system 
is so perfected that it goes into regular use. The 
user must learn how to use the apparatus; it will 
not work by itself, but if it is unreliable he should 
get the maker to put it right. 

Plant builders might well associate themselves 
more intimately with instrument and control 
equipment manufacturers, giving the latter the 
necessary financial backing to do speculative 
development on apparatus vital to plant auto- 
mation. 

Furthermore, plant and control equipment 
makers might tackle more enthusiastically the 
development and application of new ideas 
evolved by research organizations. If the staff of 
the latter could have more confidence that their 
inventions would be enthusiastically pursued and 
applied in reasonable time, they might be more 
prepared to hand over their brain-children for 
engineering development at an earlier stage. 

If this closer co-ordination of effort can be 
achieved, then I believe the British steel industry, 
for one, will be able to match that of any other 
country in its rapid and successful application of 
advanced automation. British equipment manu- 
facturers in co-operation with research and devel- 
opment organizations are certainly competent to 


provide the technology. 













































From process control to data handling, 


Britain’s greatest instrument show covers 
every facet of control and instrumentation 


A Preview of the I.E.A. 











ABOUT 500 EXHIBITORS will provide a multiplicity of diverse 
equipments at the Third International Instruments, Elec- 
tronics and Automation Exhibition, Monday 23 to Saturday 
28 May, Olympia, London. The Exhibition has doubled in 
size since 1957, a rate of growth bound up with the acceler- 
ated development of automation in Britain. We consider 
that, to the control and instrumentation engineer, this may 
well prove to have been the most important technical 


exhibition of 1960. 





MOST manufacturers of process control 
equipment seem to feature in this year’s 
exhibition. A range of instruments to be 
shown by Dewrance (Stand M554) covers 
transmitting, recording, indicating, con- 
trolling and transducing, from a 115-V, 
50-60 c/s power supply, and a 1 to 5 mA 
d.c, signal. The controllers and recorders 
of this miniature-design (Microsen) 
system employ printed wiring and have 
transistorized plug-in units. 

There are one or two additions to the 
Evershed & Vignoles (Stand K458) 
range. A new three-term recorder-con- 
troller (transistorized) is in two units, 
inclusive of power sources, and gives a 
4-in chart display in spite of its panel 
cut-out dimensions of 144 mm by 144 
mm. Evershed will show pipe-type 
‘Dionic’ cell conductivity control, a 
continuous device which does not need 
withdrawal of a sample in order to give 
a measured value input signal to the 
process controller. They will demonstrate 
the automatic mixing control of two 
substances from conductivity measure- 
ment. 
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Fielden Electronics (Stand C110) will 
exhibit their electronic system for control 
of a plant. This includes transmitter, 
indicators, recorders, controllers, electro- 
pneumatic converter, and positioners for 
pneumatic or electrically-operated valves. 
According to Fielden this gives d.c, trans- 
mission free from pick-up, low-energy 
(safe) transmitters, indication by moving- 
coil meters if necessary, three displays 
from a controller, flexibility for use in 
hybrid electronic/pneumatic systems, 
drift-free controllers and low mainten- 
ance, capital and installation costs. 

A comprehensive range will also be 
shown by Taylor Controls (Stand D161). 
Their miniature series has many varia- 
tions covering, ratio and computing re- 
lays, programme transmitter, manual 
loading stations, single recorder cascade 
station and ‘ Transverter.’ 

Hunt & Mitton (Stand H357) will dis- 
play several Francel control instruments. 
The ‘ Stabilac’ pneumatic recording con- 
troller for any process variable, has a 
proportional band calibrated as adijust- 
able between 50% and 500%, although 





Exhibition 


some 20%, to infinity is said to be pos- 
sible, Both integral and derivative time 
are adjustable from 0-50 min. They 
claim this controller to be of revolu- 
tionary design. The type BR_ pressure 
transmitter, which can be associated with 
the Stabilac controller, gives 3-15 lb/in’ 
output signals. In effect, this is a simple 
proportional instrument, A Francel valve 
positioner can be associated with con- 
troller and transmitter in order to multi- 
ply the output signal for operation of a 
control valve. A Francel programme con- 
troller will also be shown. This will 
adjust the set point of a controller on 
a time basis so that process controls may 
be programmed. 

The Automatic Control Division of 
Constructors John Brown (Stand H361) 
will show an electronic control panel 
as a unit in an auto-blending system. 
The blender shown is for two compo- 
nents but the system can blend up to ten 
liquids continuously. A_ transportable 
recorder for assessing the performance 
of industrial instruments and controllers 
will be demonstrated. 

A sterilizer controller, to be shown by 
Ericsson Telephones (D153), controls 
automatic high-speed vacuum sterilizers 
by Alliotts of Nottingham. Any one or 
all three pre-set sterilizing processes, each 
controlled in four stages, are separately 
selected by push-buttons, Each stage may 
be varied in duration up to 24 min in 48 
increment of 30s. 

An analogue computer for on-line pro- 
cess control—Anatrol—will be exhibited 
by de Havilland Propellers (Stand Q730). 
Reliability, flexibility and low cost have 
been achieved by programmed sequen- 
cing of a minimum of computing and 
storage elements. Anatrol is claimed to 
be particularly suitable for statistical 
evaluation of processes leading to opti- 
mization of controlled variables. 
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Recorders and controllers 

Versatility and rationalization will be 
features of George Kent’s stand (D159). 
There are several extensions to their 
Commander range of mechanical and 
electronic instruments, and in_ their 
Mark 3 range of electronic strip-chart 
recorders and recorder-controllers. The 
Mark 3 electronic instruments include a 
new model having a response of 1s. 
for full-scale travel. The Mark 3 types 
on show are for single- or multi-point 
temperature measurement with optional 
air-operated control or transmission, and 
for electrolytic conductivity measure- 
ment. The latter version incorporates the 
new quadrature suppressor which elim- 
inates any quadrature component at the 
amplifier input, improves sensitivity and 
accuracy, and prevents saturation. 

Among working examples of the 
mechanically-operated Kent Mark 2 
Multelec strip-chart recorder on view, 
will be a sensitive model for microvolt 
measurements, and a pH recorder with 
a miniature element immersed alternately 
in two solutions of different pH value. 
Commander electronic instruments will 
be demonstrated as a circular-chart re- 
corder for use with a load cell and hav- 
ing four-position electric control, shown 
as am oxygen indicator-recorder with 
air-operated automatic control, and 
operated as a liquid-steel temperature 
measuring instrument connected to a 
thermocouple. 

Various versions of their electronic 
recorder will be demonstrated by Cam- 
bridge Instrument (Stand F259). This 
forms part of equipment for measure- 
ments of temperature and radiation in- 
tensity, gas analysis, pH determination, 
and the measurement of electrical con- 
ductivity of solutions, calorific value of 
gases, and dissolved oxygen, hydrogen 
and residual hydrazine in feed water etc. 
As a self-balancing potentiometer, bridge, 
or current balance, the instrument will 
measure, record and, if required, control 
any quantity that can be converted into 
a suitable d.c. (sometimes a.c.) signal. 
The potentiometer will respond to a 
change in input of less than 1uV for the 
minimum range (ImV full scale) and the 
response time is shorter than 2s. for 
full scale. The overall accuracy is better 
than Sz V. 

Metrix Instruments (Stand E219) will 
show the new Metrawatt transistorized 
controller, This employs h.f. oscillators 
whose coupling coils are on adjustable 
slides which can be set to the desired 
control values. A vane on the arm of 
the moving-coil meter enters the air gap 
of the oscillator coils when the pre-set 
Position is reached. The oscillator cir- 
cuits operate contactors to control the 
system. 

A new d.c, potentiometric recorder 
with a 4-in, chart and multi-colour print- 
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ing, will be shown by A.E.I. Instrumenta- 
tion Division (Stand D152). A.E.I. will 
also show a new potentiometric indica- 
tor/controller, a continuously, _ self- 
balancing instrument whose 25-in scale 
can be traversed in 2s. 

A new modular Electronik design hav- 
ing four standard sub-assemblies will be 
featured by Honeywell Controls (Stand 
E200). This modular concept is applied 
to Honeywell's indicators, recorders and 
controllers. A constant voltage unit 
obviates periodic standardization and 
battery replacement, Honeywell will also 
introduce the new ‘Electrik Tel-O-Set’ 
miniature system comprising transmitters, 
recorders, controllers, transducers and 
final control elements. This is a two- 
wire d.c, transmission system. 

Electronic Consotrol instruments by 
Foxboro-Yoxall (Stand E202) form a 
new range of measurement transmitters, 
recorders and controllers for flow, pres- 
sure, temperature, etc. These are solid- 
state designs using transistors and mag- 
netic amplifiers. The universal controller 
is transistorized and has fully-adjustable 
settings—proportional band, integral and 
derivative; the flow controller (magnetic 
amplifier) has controller settings fixed at 
optimum values. 

Speedomax G and H recorders and 
controllers for temperature, millivoltage, 
conductivity, pH, redox, etc., will be 
shown by Integra, Leeds & Northrup 
(Stand D163). The type H is small (12 in. 








by 11 in. by 11 in.) and less costly, has 
plug-in components and all moving parts 
operate from a common shaft driven by 
the positive worm-gear of a high-speed 
balancing motor. Performance will be 
demonstrated for position, duration, and 
current-adjusting control. Various Speedo- 
max instruments will demonstrate single- 
and multi-point indication and recording. 

Among the many instruments exhibi- 
ted by B & K Laboratories (Stand E203) 
will be the Oscillomink 230B, an ink 
recording instrument capable of record- 
ing up to 1000 c/s with a sensitivity 
variable from 0-2 mm/mV to 4mm/mV. 
The direct writing system is based on 
the use of a fine jet of ink which is 
impelled at high speed from a nozzle in 
the centre of the galvanometer. The re- 
sonant frequency is about 650 c/s. Paper 
speeds are 5, 10, 20, 50, 100 and 200 
mm/s. and the accuracy is better than 
1%. 

A five-channel high-frequency record- 
ing system will be demonstrated by 
Kelvin Hughes (Stand F257), a simulator 
providing the five variable-impedance 
pick-ups. This is a Teledeltos paper 
recorder and there are six paper-speeds, 
0-5, 1, 2, 4, 8 and 16 cm/s. With 9-2-cm 
pens this is + 2cm per channel with a 
frequency response uniform within 10% 
from 0-60 c/s. Kelvin Hughes will also 
show an R.A.E.-designed four-channel 
dynamic strain recording equipment. 

F. C. Robinson & Partners (Stand B51) 
will exhibit the Autovisor operation re- 
corder. This provides an automatic and 
continuous record on one chart of the 
periods of operation of from one to 
twenty processes or machines. These 
recorders are available in single-pen 
strip-chart and disk models, and 2, 6, 10, 
15 and 20-pen strip-chart models. 


Temperature control 

The large number of exhibits which 
in one form or another are concerned 
with temperature, drives home the im- 
portance of this field to the control 


Left: Oliver Pell motor with circular 
gear box and, bottom left, with rec- 
tangular gear box 
Below: Foxboro’s electronic (solid 
state) Consotrol recorder-controller 
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engineer. Cambridge Instrument (Stand 
F259) will demonstrate their multi-point 
electronic recorder-controller regulating 
the temperature of six miniature fur- 
naces. Based on a standard recorder, this 
instrument employs a mechanical differ- 
ential system operating six cams, each of 
which can be adjusted to provide inde- 
pendent control settings. Cambridge will 
also show a 12-point electronic recorder 
(a self-balancing d.c. bridge) with resist- 
ance thermometers, a single-point elec- 
tronic recorder operating from a radia- 
tion thermopile, a six-point high-speed 
electronic recorder operating from fine- 
wire thermocouples and measuring local 
air temperatures, and their Minican 
pocket-size temperature recorder for use 
in confined spaces. 

George Kent (Stand D159) will also 
show many of their controllers and re- 
corders—see above—for use in tempera- 
ture regulation. A _ liquid-steel element 
will be demonstrated connected to a 
thermocouple operated from a_ heat 
source. The Kent mechanical ‘energy 
regulator’ enables manual proportional 
control, or air-operated two- or three- 
term control to be added to plant 
originally fitted with on/off control only 
—furnace stoker-speed control, for ex- 
ample. 

Evershed & Vignoles (Stand K458) will 
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Above : Honeywell Control's miniature 
recorder-controller in the new Electrik 
Tel-O-Set range 
Top left: The Post Office will feature 
the Automatic Telex system. Here an 
operator dials a distant subscriber 
Bottom left: Gilbarco remote pre-set- 
ting control unit for Brodie-Kent fuel 
flowmeter 


show a new transmitting resistance ther- 
mometer which provides a signal for 
indication or recording or for use by 
their Mark 4 process controller. 

The Bikini range of transistorized 
temperature instruments, which operate 
with resistance bulbs, will be shown by 
Fielden Electronics (Stand C110). Their 
precision controller is sealed and gives 
on/off action, and their indicator is also 
a sealed unit; the recorder can be fitted 
with control contacts or give propor- 
tional control. They will show d.c. poten- 
tiometer recorders with control facilities, 
for use from thermocouples. Fielden will 
also exhibit a simple multi-point indica- 
tor, for use with thermocouples, which 
has no electronic valves, slide wire, servo 
motor, etc.—the cost for 24 points can 
be less than £5 a point. A four-point 
transistorized thermometer having a 10-in 
diameter chart and operating from re- 
sistance bulbs will be shown. 

A new instrument for Taylor Controls 
(Stand D161) is the Sensaire temperature 
transmitter. This converts temperature 
measured by a mercury-filled system into 
a proportional 3-15 lb/in® air output 
pressure. 

Foster Instrument (Stand C111) cele- 
brate fifty years in temperature control 
this year, and will show several new 
instruments. Their indicating tempera- 





ture controllers are available as electro- 
mechanical or photo-transistor designs 
and can give on/off, two- or three-step 
control. The photo-transistor model also 
provides attenuating and saturable reac- 
tor control. Programme control is avail- 
able. In Fosters’ new _ self-setting 
Teloscale, the visible portion of the scale 
is automatically re-set in accordance with 
the temperature being measured. Their 
non-indicating resistance controller is an 
inexpensive device which incorporates a 
deviation indicator giving the tempera- 
ture deviation from the control point. 
They will also exhibit a quick-reading 
immersion pyrometer for molten glass, a 
range of optical and radiation pyro- 
meters, and deflectional and self-balanc- 
ing potentiometric instruments. 

Ether and Electro Methods (Stand 
E205) will feature a complete range of 
temperature measuring and control in- 
struments including millivolt and poten- 
tiometric types. Among their newer 
products are Xactrol potentiometer re- 
cording controllers and an improved 
Transitrol temperature controller. 

A time proportioning controller, to be 
shown by Sifam Electrical Instrument 
(Stand S855), has been designed for 
accurate control, Here the ratio of ‘ off’ 
to ‘on’ time is continuously varied in 
accordance with the instantaneous tem- 
perature. Sifam’s Pyromaxim electronic 
on/off controller, a thermocouple instru- 
ment, is accurate to 1% f.s.d. and its re- 
sponse is said to be better than 025%. 

James Gordon (Stand D155) will fea- 
ture automatic combustion control, 
pneumatic and electronic, for boilers and 
furnaces, temperature control for super- 
heated steam and so forth. Industrial 
Pyrometer (Stand L509) will feature a 
great deal of industrial automatic tem- 
perature control equipment, including 
manual gas governors, safety controllers, 
Pyrostat control, indicating pyrometer 
controllers, multi-point pyrometers etc. 

A solid-state temperature controller by 
Phoenix Telephone and Electric (Stand 
R817) is for furnace control from a 
resistance thermometer. A transistor pre- 
amplifier feeds a magnetic amplifier to 
give a 25-watt output proportional to 
temperature error, This controls a satur- 
able reactor in the furnace power line. 
They will show a magnetic amplifier for 
control from a thermocouple and an 
electronic thermometer. 

Among West Instrument’s (Stand 
H354) range will be a multi-point scan- 
ner and a new stepless controller. The 
scanner, which can monitor continuously 
the temperatures of up to twelve thermo- 
couple or resistance-bulb positions, can 
be arranged to sound an alarm and/or 
shut down equipment. The siepless con- 
troller has a power range from 3%, to 

% of full power from a saturable 
reactor; it can be operated manually. 
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Temperature ancillaries 
Measurement of the temperature gradient 


of an electric fire, using thermo- 
couples welded on to the element, will 
be demonstrated by Ericsson Telephones 
(Stand D153). A differential input ampli- 
fier will be used to eliminate the com- 
mon mode of the 250 V, S50 c/s, heater 
supply between thermocouple and earth. 

Plessey (Stand M558) will demonstrate 
a sensitive temperature controller, ori- 
ginally developed to de-ice aircraft 
windscreens. As demonstrated, this will 
employ a photo-transistor in the control 
channel. Breaking a light beam will bring 
in an ‘overheat’ channel arranged to 
protect force-cooled equipment from the 
effects of blower failure. On the same 
stand, Hagan Controls will show a ther- 
mostat for the pneumatic control of tem- 
peratures (up to 1400°F) in large ducts 
and gas-turbine exhausts. 

Both Ekeo Electronics (Stand E208) 
and Murphy Radio (Stand E209) will 
exhibit thermocouple trip amplifiers for 
the operation of alarms and controls if 
pre-set levels are exceeded. 

Marconi Instruments (Stand D157) will 
demonstrate a temperature scanning sys- 
tem for continuous monitoring of a large 
number of thermocouples. 

Many exhibitors will exhibit thermo- 
meters of one form or another. Wayne 
Kerr (Stand E217) have an electronic 
thermometer covering 0-50°C and S0- 
100°C to 1°C accuracy. British Roto- 
therm (Stand Q729) will show a com- 
prehensive range of dial thermometers 
(bi-metal, mercury-in-steel vapour pres- 
sure), recorders and controllers. Negretti 
& Zambra (Stand C105) will also have 
a wide range of instruments and con- 
trollers of this nature, as will Coley 
Thermometers (Stand Q708F) and G. H. 
Zeal (Stand L504). The latter will demon- 
strate electric contact thermometers 
carrying out temperature control of water 
and air. B.L.C.C. (Stand R813) will em- 
phasize their mineral-insulated thermo- 
couples, including two flexible rope-like 
assemblies. Engelhard Industries’ Baker 
Platinum Division (Stand N606) will 
show three fairly recent developments: 
an integral sheath thermocouple, Fibro 
thermoelement platinum, and thermo- 
couples for temperatures above 1600°C. 

Graviner (Stand R827) will show a 
range by Fenwal Inc., U.S.A., including 
an indicator-controller, thermistor con- 
troller, general purpose and high tem- 
perature units and miniature thermostats. 
They will also show temperature control 
switches and fire detectors, Fire preven- 
tion by nuclear detection will be demon- 
strated by Minerva (Stand G309). 


Flow measurement and control 

A precision flowmeter, the Pottermeter, 
which has an_ hydraulically-positioned 
‘bearing-less’ rotor will be demon- 
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strated by de Havilland Propellers 
(Stand Q730). Meterflow, who share S.E. 
Laboratories’ stand (D167), will show 
their flowmeters which similarly attempt 
to overcome friction by a thrust-relieving 
technique. S.E.L. will show a variety of 
solenoid, reducing and other valves. 

On the Hawker Siddeley Group stand 
(L508), a combined Brush Electrical, 
Armstrong Whitworth Aircraft, Arm- 
strong Whitworth Equipment and A. V. 
Roe exhibit having the theme, control 
systems for automation, A.W.E. will 
show flowmeters as part of a data- 
acquisition section. 

Alto Instruments (Stand R816) will ex- 
hibit their induction flowmeter in which 
the liquid acts as a moving conductor 
in a magnetic field, so generating an 
e.m.f. proportional to flow velocity. Tur- 
bine flowmeters will be exhibited by 
Leeds Meter (Stand J401) together with 
rotary, displacement and helix meters; 
fuel flowmeters by Negretti & Zambra 
(Stand C105); magnetic flowmeters, indi- 
cators and accessories by Fischer & 
Porter (Stand A10), and industrial flow- 
meters and integrators by Firth Cleve- 
land (Stand H353) and Metrix Instru- 
ments (Stand E219). Rotameter will have 


a comprehensive display of fluid mea- 
surement and control apparatus on Stand 
E210. 

The Warren Spring Laboratory of 
D.S.LR. (Stand E214) will show a radio- 
active Rotameter which enables the 
position of the float to be detected when 
measuring low flows at high pressures. 

Differential converter-transmitters for 
flow and liquid level, etc., will be shown 
by Honeywell Controls (Stand E200), 
and A.E.I. (Stand D152) will show a 
pneumatic flow-recorder having a 12-in 
chart and employing the Barton differ- 
ential pressure unit. Walker, Crosweller 
(Stand Q700) will exhibit flow recorders 
for gas, steam, water, etc., and demon- 
strate the V-notch liquid flow recorder. 
George Kent’s (Stand D159) Commander 
range will include a mercurial flow indi- 
cator, a bellows-operated mercury-less 
flow recorder, and a float-operated instru- 
ment for measuring open-channel flow. 
Kent will also show pipe-line flowmeters, 
aircraft fuel meters, etc. 

Brodie-Kent positive displacement 
meters and ancillaries and the remote 
control equipment for handling petro- 
leum products will be shown by Gilbarco 
(Stand G302). 











Left: Bruce Peebles’ small analogue 
computer is priced at £310 


Below: Blackburn 


Electronics’ data 


logger 





Tana, a transformer 
analogue network 
analyser by F. C. 
Robinson and Part- 
ners, will solve 
simultaneous equa- 
tions with complex 
coefficients in power 
system studies 
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A photo-transistor flow alarm working 
with a direct-reading flowmeter will be 
demonstrated by G. A. Platon (Stand 
G317), together with a wide range of self- 
acting flow controllers. 

Automatic liquid dispensing will be 
demonstrated by Measurement Ltd. 
(Stand E221), a variable-stroke pump 
delivering oil to a series meter and a 
rotary-piston meter which can operate 
counters or a_ rate-of-flow indicator. 
Liquid handling with automatic batch 
control will also be the theme of the 
Tylors of London stand (A1), their range 
of positive displacement meters having 
been extended. 


Control valves 

Very many firms will show flow regu- 
lators and valves of one form or 
another. Hagan Controls (Plessey Stand 
M558) have an oil control valve for the 
precise feeding of liquid fuel to burners; 
Grundy & Partners (Stand S868), glass 
solenoid valves for corrosive liquids and 
gases; Crosby Valve (Stand F253), a range 
of control valves, including a sectioned 
16-in double-seated type in operation, 
butterfly valves, etc.; Dewrance (Stand 
M554), solenoid valves and valve actua- 
tors; Hunt & Mitton (Stand H375), 
process control valves and actuators; 
Audiey Engineering (Stand K454), con- 
trol valves for pressures up to 6000 Ib 
in’, and a small (‘Wee Willie”) valve 
for extremely small flows at up to 50,000 
lb/in’; Alexander Controls (Stand G318), 
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Top left: Plessey machine tool control 
system coupled to a Herbert de Vlieg 
Jigmil 


Above : Teledictor machine tool control 
console 
Bottom left: This prototype model of 
a copy miller by Sperry Gyroscope is 
constructed from standard Sperry servo 
components 


solenoid, air-operated and motorized 
valves; James Gordon (Stand D155), 
automatic combustion control valves, etc. 


Data handling and computation 

Digital and analogue computing equip- 
ment, together with various data acquisi- 
tion, transmission and processing ancil- 
laries, will be much in evidence. Among 
exhibitors of analogue computing and 
simulation equipment will be English 
Electric (Stand E215), with their Lace 
Mk II (lent by Huddersfield Technical 
College), and a nuclear reactor simulator 
for operator training; E.M.I. Electronics 
(Stand D166) with the Emiac II analogue 
computer which will be demonstrated in 
a process control application; General 
Precision Systems (Stand M560) with a 
nuclear reactor simulator and a new 
range of d.c. analogue computer com- 
ponents; Feedback (Servomex Controls’ 
Stand F255), with a d.c. amplifier, a 
square wave unit, and an analogue and 
simulator teaching unit; Short Bros, & 
Harland (Stand M557), with their new 
Simlac Minor small general-purpose 
machine (which has 32 amplifiers and 
100 passive elements), an eighteen-ampli- 
fier machine and various computing 
units; F. C. Robinson (Stand B5), with 
their transformer analogue network 
analyzer which solves simultaneous equa- 
tions with complex co-efficients, in power 
system studies; Bruce Peebles (Stand 
R802), with analogue computing units; 
A.E., (Stand E213) with the type 955 






analogue computer, and (Stand D152) a 
plant simulator for demonstrating the 
effects of introducing various functions 
into a pneumatic control system, and a 
multiplier employing the Hall effect in 
semiconductors; de Havilland Propellers’ 
(Stand Q730) analogue computer, Anatrol 
is for on-line process control, 

Kelvin Hughes (Stand F257) will ex- 
hibit their automatic boiler control simu- 
lator, a device for training and demon- 
stration of their boiler controls, This will 
demonstrate the speed at which an auto- 
matic system establishes optimum condi- 
tions. 


Ferranti (Stand N604) will exhibit the 
Sirius and Argus transistorized digital 
computers. Sirius, a desk-sized machine, 
costs £17,500, while the Argus digital 
computer, which is for the real-time con- 
trol of industrial processes, may vary in 
price between £30,000 and £70,000 de- 
pending on the size of the installation. 
E.M.I. (Stand D166) will show ancillary 
equipment used in their Emidec 1100 and 
2400 digital computers, and _ illustrate 
Fred—figure reading electronic device—a 
high-speed cheque sorter and computer- 
input mechanism. 

A random number generator will be 
demonstrated by Phoenix Telephone on 
Stand R817. 

Turning to peripheral and ancillary 
equipment: Lintronic (Stand B55) will 
show a system for converting analogue 
simulator outputs into digital form for 
a computer or X-Y plotter, a digital re- 
corder of transient voltage signals for 
linkage with a computer, and a ten- 
channel high-speed (up to 10kc/s) low- 
level signals commutator, or switch, for 
data handling. 

Plessey (Stand M558) will show Fer- 
ramic memory matrices and stores, in- 
cluding cores for fast switching, and 
Sperry (Stand C101), magnetic storage 
drums in telephone applications, and a 
new drum, type C, of great storage 
capacity. 

Much tape equipment will be exhi- 
bited. Ultra Electronics (Stand R820) 
will show a magnetic read/write head 
for digital computer input/output, and a 
transistorized punched-tape merger for 
combining the data on two tapes in a 
single tape. Among B. & K. Laboratories’ 
(Stand E203) magnetic tape devices will 
be a high-speed digital magnetic tape 
handler capable of forward/reverse 
cycling at 120in./sec. Epsylon (Stand 
D167) will show a high-speed unit for 
digital computers. 

A high-speed X-Y recorder will be 
shown by Ekco Electronics (Stand E208), 
and a Cartesian co-ordinate graph 
plotter by Teledictor (Stand C114). 

The Post Office (Stand R823) will also 
have an exhibit of data-handling interest. 
This will be mainly concerned with auto- 
matic telephone exchanges (automatic 
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switching), the Telex service, and data 
transmission via punched tape. 


Data logging 

Several firms will exhibit data loggers 
and scanners, These include Blackburn 
Electronics (Stand Q710); Kelvin Hughes 
(Stand F257), whose data handling sys- 
tem can scan and log any number of 
process variables to 0-1% accuracy of 
the reading; Marconi Instruments (Stand 
D157), with a burst slug detection system 
and temperature scanning (600 thermo- 
couples at 5 per second) equipment for 
Hinkley Point nuclear power station; 
Hagan Controls (Plessey Stand M558), 
with the Kybernetes automatic data scan- 
ning and computing system; Hawker 
Siddeley (Stand L508); de Havilland Pro- 
pellers (Stand Q730) with Dame—data 
acquisition and monitoring equipment; 
A.E.I. (Stand D152) with a nuclear burst- 
cartridge detection computer and a 16- 
point data logger; Ericsson Telephones 
(Stand D153), whose data handling 
equipment includes a variety of devices 
for incorporation in data logging sys- 
tems; English Electric (Stand E215), 
whose multi-point scanner incorporates 
the new Datapacs—basic logical ele- 
ments; and Cambridge Instrument (Stand 
F259) whose in-line scanning recorder 
will select and scan from 20 up to 400 
points. 


Analogue-digital conversion 

Various methods of converting analogue 
data into digital form will be dis- 
played. Ferranti (Stand N604) will exhi- 
bit precision wire-wound potentiometers 


—one, Europe’s smallest—for analogue — 


conversion from mechanical rotation to 
an electrical signal, and Ketay (Plessey 
Stand M558), a shaft-position encoder 
which translates analogue input into 
digital electrical form. Colvern (Stand 
Q723) will demonstrate shaft digitizers 
giving high resolution analogue-digital 
conversion by means of coarse/fine tech- 
niques, Single coders are used having 
21,600 divisions over a_ single shaft 
revolution, and the numerical output is 
displayed in degrees and minutes. 
Murphy Radio (Stand E209) will exhibit 
their frequency-analogue converter which 
converts signals in the 1-100c/s range to 
proportional analogue output signals 
which are adjustable from 10-30 mV, 
fs.d. The latter is intended for process 
control. 

Racal (Stand F260) will show a tran- 
sistorized voltage-frequency converter, 
for converting a counter into a digital 
voltmeter, and Marconi Instruments 
(Stand D159) their digitizer, a transistor- 
ized analogue-digital converter for feed- 
ing indicators, recorders or processing 
equipment the value of an applied d.c. 
potential from 0-0-999 volt. 

An_ industrial analogue-digital con- 
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verter by Evershed (Stand K458) em- 
bodies an encoder transmitter and is 
suitable for industrial telemetry. 


Machine control 


Several machine-tool controls will be on 
view. Ekco Electronics (Stand E208) will 
show a punched-card storage system fitted 
to an Elgar jig borer. This provides auto- 
matic co-ordinate setting; it can re-set a 
10 turn/in leadscrew to + 1/500 of a 
turn and can control up to 1000 turns. 
Plessey (Stand M558) will illustrate the 
system they designed in collaboration 
with Alfred Herbert. The latter is a 
punched-tape programmed system for the 
operation of tools in three dimensions. 
Teledictor (Stand C114) machine tool 
control systems are for the manufacture 
and inspection of component parts. The 
range comprises static positioning equip- 
ment for jig boring or drilling to an 
accuracy of 0-002 in. in 10 in., and con- 
trol consoles with integral programmes 
for the manufacture or inspection of 
parts having linear or linear/circular con- 
tours. Manual or punched-card control is 
available. The consoles may control copy 
milling to an adjustable scale factor. 
Sperry Gyroscope (Stand C101) will 
demonstrate a 360° copy milling system, 
for milling to templates, within 0-0002 


in. at a feed rate of 20in/min, Fitted 
with hydraulic jacks for tool movement, 
the system is built up from standard 
Sperry servo components. 

Static switching built up on _ the 
‘NOR’ logic system will be demon- 
strated by A.E.I. (Stand E213) control- 
ling the operation of a—diagrammatic— 
capstan lathe. G.E.C. (Stand E211) will 
show a sequence control unit which they 
have used to control an injection-mould- 
ing machine. This provides timing and 
triggering for many simultaneous and 
successive operations and employs logic 
boards, transistorized printed circuits 
and cold cathode valves, G.E.C, will also 
demonstrate a micrometer with decimal 
read-out, which consists of four digi- 
tizers linked together to give a micro- 
meter reading in multiples of 0-0001 in. 

Hivac (A.T. & E. Stand F261) will 
demonstrate a working model of Access 
—the Austin cold cathode electronic 
switching system, which Austin and 
Hivac have patented jointly and which 
the Donovan Electrical Co. are manu- 
facturing. Originally developed for the 
fully-automatic control of transfer 


machines, Access is now being applied 
to a wider range of production units. 

Ferranti (Stand N604) will show their 
co-ordinate inspection machine, with 





The Austin cold cathode electronic switching system—Access—controlling a transfer 
machine. A joint Austin-Hivac Development, Access is manufactured by Donovan 
Electrical. 


Bottom left: E.M.O. Instrumentation’s synchro torque testing machine for measuring 
the overall friction and electrical torque of assembled synchros. Bottom right: 
This tachometer by Ericsson Telephones can measure up to 1,200,000 rev/min. 
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Plessey’s remotely 
controlled auto - 
tuner can rotate 


and lock a shaft to 
an accuracy of six 
minutes of arc 


A Kopp variable- 
speed gear may be 
controlled to pro- 
vide a constant out- 
put with Allspeeds’ 
speed corrector unit 





which a probe can be placed at any point 
on a machined part. Sensing units are 
fitted to the x and y axes of the machine 
and motion along either axis is deter- 
mined by a Moiré fringe pattern tech- 
nique. The position of the probe is given 
to an accuracy of 0-001 in. Ferranti will 
also exhibit a transistorized bi-directional 
counter developed for use with Moiré 
fringe measuring systems. 

The hydraulic control of rapid tra- 
verse and feed movements in machine 
tools is the duty of flow controller feed 
units which Wilmot Breeden will ex- 
hibit on Stand Q708D, These can be 
fitted with a remote-controlled feed regu- 
lator, operated by hydraulic, solenoid or 
potentiometer control. 

British Iron & Steel Research Associa- 
tion (D.S.I.R. Stand E214) have devel- 
oped a new method of measuring small 


Electronics and control 


It is, of course, quite impossible to do more than touch 
upon an almost random selection of the very large num- 
ber of exhibits at the Show, in this preview. It is hoped, 
however, that some idea of the Exhibition’s importance 
to the control engineer has been given. 

Process control equipment has been stressed in this pre- 
view. This results from the very large number of old- 
established instrument firms who are participating in the 
Show and, indeed, are able to stand happily alongside the 
newer recruits to the industry who, in the main, have an 


electronics background. 


The ever-growing interest of the electronics industry in 
instrumentation and control is apparent from the fact that 
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reductions in strip steel thickness—the 
thinner the strip, the faster does it leave 
the rollers. §trip speed before and after 
rolling is compared photo-electrically 
and thickness reduction thus deduced. 


Tachometry 


Ericsson Telephones (Stand D153) will 
exhibit a rate error sensor which is 
basically a transistorized tachometer in- 
corporating a device for sensing that 
the rate lies within selected limits. 
Relay-operated contacts permit this to 
control the rate within limits. Ericsson 
will also show the type 144A tachometer 
capable of measuring up to 1,200,000 
rev/min from a 100c/s reference source. 
Ericsson’s Rotapulse is a shaft-driven 
photo-electric transducer which converts 
the angular velocity of the shaft into a 
number of pulses per revolution. 


attestation lettin aN 









An electronic tachometer, or frequency 
meter, by Airmec (Stand D162) is tran- 
sistorized, and Erie Resistor’s (Stand 
D169) frequency counter and digital 
tachometer—an _events-per-minute-time 
counter—is similar, 

Murphy Radio (Stand E209) will ex- 
hibit a precision industrial tachometer 
comprising a photo-electric tacho-gen- 
erator, an electronic counter and a 
digital display unit. 

Ketay (Plessey Stand M558) will show 
a temperature-compensated precision in- 
tegrating tachometer, among their servo- 
motors, and Vactric (Stand M555) will 
include tacho-generators among their 
servo-components. 


Control of rotary speed 

A new device on Allspeeds’ stand (R810) 
is a speed corrector unit for use with 
their Kopp variable speed gears. This 
will automatically adjust a varying 
speed to provide a constant linear or 
rotary speed. 

A.ELL, (Stand E213) will demonstrate a 
1 h.p. motor control unit using silicon 
controlled rectifiers, and also a magnetic 
amplifier motor speed control for 
use with a 12-section knitting machine. 
Westinghouse (Stand Q707) will demon- 
strate their high power silicon Trinistor 
switches and power silicon transistors 
in motor control, and Brush (Hawker 
Siddeley Stand L508), motor speed con- 
trol by controlled rectifiers. Zenith Elec- 
trical (Stand F272) and Engelhard 
Hanovia (Stand N606) will also exhibit 
speed control devices. 

A servo-operated speed controller, 
working on the velodyne principle, will 
be exhibited by Servomex Controls (Stand 
F255). This provides 0-5b.h.p., has a 
speed range of 0-7500 rev/min, forward 
or reverse, and is stable to + 2 rev/min 
per hour on constant load. ) 

Plessey (Stand M558) will exhibit their 
auto-tuner, a motor driven remotely- 
controlled device for rotating and lock- 
ing a shaft to an accuracy of six minutes 
of arc at any one of twelve positions 
within 330°. 





the Electronic Forum for Industry is to hold a three-day 







conference (May 24-26) on ‘ User Experience of Electronics 
in Industry’ at Olympia, concurrently with the I.E.A. The 
Forum consists of the nine manufacturing associations 
concerned with electronics, and that they should consider 
an instrument exhibition to be a suitable vehicle for their 
first full-scale conference is surely a pointer to the future. 
The E.F.F.I. conference will cover electronics in data 
processing, factory applications and in instrumentation and 
control. Tickets are available at £1 11s. 6d. per session 
from The Electronic Engineering Association, 11 Green 
Street, London, W.1. 

All in all, the I.E.A. should prove to be the most impor- 
tant show of its type ever held. You are strongly recom- 
mended to attend—and do visit CONTROL on Stand A8. 
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An eye-witness story to interest many CONTROL readers, 
and not merely those concerned with guided weapons. 
The writer was the only journalist to see and photo- 


graph the first underwater firing of the Polaris missile 


POLARIS FIRED 


by BASIL CLARKE 


Rowse Muir Publications Ltd. 





At 1.30 a.m., on a rather chilly March morning | found myself 
climbing a ladder on to the flight deck of a ZSG-2W airship 
at Lakehurst, New Jersey, expecting only to be airborne for 
many hours. In fact | saw an historic event. We were bound 
for a destination somewhat east of the normal sea lanes along 
the U.S. coast. There we were to carry out a dual role, that 
of aerial guard ship and camera platform for the first under- 
water firing of the Polaris missile from a submarine. 


Around dawn we sighted the nuclear-powered U.S.S. ‘ George 
Washington ’, designed and built for the underwater firing of 
the Polaris, cruising on the surface at a relatively high speed. 
She was accompanied by two escort and salvage vessels, and, 
after a short interval, she submerged for the tests. ‘ George 
Washington ” was in touch with the escort vessels by the under- 
water-sound telephone, and her signals were relayed to us by 
v.h.f. link. 


The traditional count-down started eventually, and at zero- 
minus-120 seconds a patch of green marker dye appeared on 
the surface, not far away from where we hovered. We were 
at about 250 ft, and had been told that the missile would prob- 
ably rise to fifty feet before power was cut off and she dropped 
back. At zero-minus-thirty a float surfaced and belched volumes 
of bright green smoke. Then the sea erupted, and the 28-ft 
Polaris, sitting on a sheet of flame, emerged almost obscured by 
a huge trail of highly coloured spray. The missile hurtled up, 
not to fifty feet as planned, but to more like 250 ft. 

The flame went out and the Polaris toppled. The nose cone 
came away and dropped by parachute, while the body fell back 
into the Atlantic with a mighty splash. The missile was fitted 
with flotation gear so that the escort could pick it up later. 
During the rest of that day we saw five more firings, all 
apparently successful, but after the first experience of the 
rocket at eye-level we moved a little further away. .. . 

It was apparent that the firing was by compressed air for the 
initial launch with a small charge at the first stage. At a more 
recent firing in the Pacific, Polaris rose to 1800 ft; but the first 
tests, which | witnessed, demonstrated that the missile could be 
fired from a suitably designed submarine. The depth was not 
disclosed, but | can say that although the water was very clear, 
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(Top) The USS. ‘George 
Washington ’, with sixteen firing 
positions in view 


(Centre) Polaris emerges from 
the ocean 


(Bottom) The body falls back 
into the Atlantic 


and the submarine was perfectly visible from the air when at 
periscope depth, we could not see her at all during the firing 
stage. It is safe to say that she must therefore have been down 
at least 100 ft. 






























































































































































































































A modern continuous glass-works does 
not quite run itself, but need for great 
numbers of skilled craftsmen has been 
replaced by need for engineers to look 
after machines and instrumentation 


by D. K. HILL 


AT THE BEGINNING OF THIS CENTURY ALL KINDS ‘OF 
glassware were made by discontinuous processes, some 
by techniques which had not changed for 2000 years. 
Sheet glass was made by blowing a cylinder of glass, 
splitting and flattening it by heat; plate glass by pouring 
the molten contents of a large refractory crucible 
between rollers onto a flat table; tubing entirely by 
hand; containers (jars, bottles, ampoules, etc.) by hand- 
gathering glass from a furnace end and then either 
mouth-blowing into moulds or—most up-to-date at that 
time — using compressed air and a semi-automatic 
machine. Even melting of the raw materials was still to 
a very large extent discontinuous (as with the present- 
day open-hearth or crucible steel melting); the continu- 
ous ‘tank’ furnace, into which raw materials are fed 
at one end and from which finished glass is withdrawn 
at the other, was only just becoming established in 
advanced glassworks. 

The present glass industry is almost unrecognizable 
by comparison with the picture painted above. Sheet, 
plate and tubing are now produced continuously from 
glass as it emerges from the melting furnace, and pro- 
duction only ceases when the furnace has to go out 
for repairs—perhaps every three years. In the container 
industry it is now only where the quantities involved 
are too small to be made economically by other means 
that hand-forming operations survive. Instead, machines 
take predetermined amounts of glass from the furnace 
and automatically carry out the complex series of opera- 
tions required to produce bottles, at speeds of up to 
120 per minute. 24-hours-per-day production is only 
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Automating the glass industry 


British Glass Industry Research Association, Sheffield 









Glass tube coming off sleeve (Propagas flame) 


interrupted when a new ‘job’ is required or moulds 
require replacement. 

A modern continuous glass-works does not quite run 
itself, but the need for great numbers of skilled crafts- 
men to carry out forming operations has been replaced 
by a need for engineers to look after the machines and 
the instrumentation of the factory. In many works, 
indeed, there is no need on the process side for 
other than such supervisory staffs, from the receipt of 
raw materials to the emergence of fully finished ware 
from the annealing tunnels. One remaining section of a 
glass-works, where hand operations exist to a significant 
extent, is in connexion with the inspection and packing 
of the ware. The subsequent handling into and from 
the warehouse is now largely carried out with appro- 
priate mechanical aids. 

How has this truly astonishing advance occurred? 

In the first place credit must go to the speed with 
which the industry has adopted radical novelties in the 
field of mechanization or process operation. Within the 
last twelve months we have seen an entirely new con- 
cept of flat glass making not only proposed but proved 
and in production (the float process developed by 
Pilkington Brothers Ltd.). Mechanical devices from all 
parts of the world have been tested, adapted, and if 
successful incorporated into the processes used for one 
or other types of glassware. A frequently quoted ex- 
ample is the Corning machine, developed in the U.S.A., 
which is producing glass envelopes for lamp bulbs at 
speeds of over 1000 per minute in the U.K. (again, for 
24 hours per day). 
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Mechanization alone, however, is not the sole clue 
to the progress of the industry. To make mechanization 
worth while a number of criteria must be satisfied, prim- 
arily that the glass fed to the machines must have a con- 
trolled temperature, controlled viscosity (which means 
controlled composition), controlled quality, and must be 
in controlled amounts. These factors cannot be regulated 
in isolation, and there must be a number of other pro- 
cess controls; for example, the furnace temperature 
distribution, furnace pressure, glass level, and—further 
back still—the amounts and condition of fuel, combus- 
tion air and atomizing media. Each of the relevant 
factors had first of all to be recognized as significant, 
secondly to be measured and recorded, and thirdly to 
be subjected to control. In very many factors the indus- 
try has attained full automatic control, feedback devices 
causing deviations from desired settings to be corrected. 
In others—for example some aspects of inspection—it 
has not yet been found feasible to use automatic 
methods. 

The range of automatic devices employed by the 
industry is wide, and examples illustrating the range of 
techniques are given very briefly in the following section 
of this article. It should be stressed, however, that the 
instances cited are not necessarily those widely used. 
For instance, no mention has been made of automatic 
furnace-pressure controllers, which are very common in 
the industry and operate by linkage to the stack damper. 

























Control of furnace temperature 

Glass is made from a mixture, in most cases of sand, 
limestone and soda ash. The rate at which this mixture 
can be caused to react and fuse to a homogeneous melt 
depends to a very large extent on the temperature 
schedule experienced and one essential feature of con- 
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Fig. 1 Control of furnace temperature 






trolled operation is the furnace temperature. Often, a 
number of thermocouples is used, and connected to 
recorders; in what is thought to be the most critical 
region of the furnace, a thermocouple or other device is 
sited for control. In the case of oil- or town’s-gas-fired 
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furnaces the control action—by the operation of motor- 
ized valves—is relatively easy. More complex problems 
arise with hot raw producer gas, where the temperature 
signal has to alter the rate of feed of coal to the gas 
producer. Linked with the change in rate of fuel feed 
is the drive to the fan supplying combustion air, so that 
the optimum fuel/air ratio is maintained at different fuel 
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Fig. 2 Control of glass level 


levels. Subsidiary circuits are used to control the pres- 
sure and temperature of the oil reaching the burners. 


Control of glass level 

A change in level of as little as 0°020 in. of the glass 
in the forehearth of a furnace of 600 tons capacity can 
significantly affect the weight of glass discharged to 
form such articles as bottles and jars, and may affect 
their dimensional accuracy. Of the various level-measur- 
ing devices used, probably the most common is one in 
which an electrode is driven downwards until it makes 
contact with the glass. The system (in Fig. 2) is, how- 
ever, in fairly general use, and has advantages in that it 
can be applied to a furnace already built and does not 
require physical contact with the molten glass. Source- 
detector distances are of the order of four feet. A 
change in level causes a change in the intensity of 
gamma-rays reaching the counter, and the counter 
signal, after amplification, is used to control the rate at 
which raw materials are fed into the furnace. Control 
to about + 0:003 in. has been reported. 


Control of forehearth cooling wind 

In bottle making, the temperature of the glass deliv- 
ered to the automatic forming machines must be closely 
controlled (better than 2°C) to avoid excessive weight 
variations. The glass emerging from the furnace is 
usually at a different temperature from that required 
by the machine (perhaps 1200°C) and means of control 
must be provided. Immersed thermocouples are linked 
to valves in the combustion-air lines to gas burners, 
and control the glass temperature by varying the burner 
output. This control is limited in range and additional 
flexibility is achieved by providing, and altering the 
volume of, cooling wind. The automatic device shown in 
Fig. 3 works from the same sensing device as the com- 
bustion control, and may be adjusted independently: 
it performs the dual function of opening or closing both 
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the butterfly valves in the cooling wind ducts and the 
damper covers in the temperature-conditioning zone. A 
wide proportional band, with slow reset, is used. 


Automatic inspection for annealing 

Unless articles of glassware are cooled under con- 
trolled conditions, residual strains remain which may 
seriously impair their serviceability. The presence of 
these strains can be revealed by techniques involving 
the use of a polarizer to illuminate the ware (Fig. 4). If 
the ware is fully annealed, no light will be transmitted 
by the analyser, but strain in the glass will modify the 
beam and give rise to a measurable intensity at the 
optical detector. This signal can be amplified in the 
usual way and fed to a motor which deflects any 
strained article. The technique is particularly suitable 
for articles of simple shape. 
Control of glass fibre diameter 


The fibre diameter is determined largely by the tem- 
perature of the bushing through which it is drawn and 
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Fig. 3 Automatic control of forehearth cooling wind 


by the speed of drawing. When fibres are wound on to 
a spool, the linear speed of drawing increases fairly 
uniformly from the beginning of the packaging cycle 
(spool empty) to the end (spool at maximum diameter). 
The increased speed of drawing causes a reduction in 
fibre diameter and to compensate for this effect it is 
desirable either to decrease the speed of rotation of the 
spool or to increase the temperature of the bushing. 
In one device using the latter approach (Fig. 5), a 
‘false temperature’ d.c. signal is fed to the temperature 
controller which, by means of the saturable-core reactor, 
modifies the energy input to the bushing. The d.c. signal 
can be programmed by a motor-driven resistor or an 
electronic saw-tooth generator. 


ADVANTAGES OF AUTOMATIC CONTROL 
Undoubtedly the most obvious advantage associated 
with automatic process control in glass manufacture is 
the great improvement in consistency of the product. 
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It is important to remember that the vast majority of 
manufactured glass does not go direct to a consumer, 
but first to some other industry. In that sense glass is. 
like coal and steel, a basic industry, and alterations in 
the quality and price can affect the operation and 


Fig. 4 Automatic 
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economics of industries as varied as building, food pre- 
servation, electronics, lamp bulbs, cosmetics, medicines, 
automobiles, road lighting and so on. 

The immediate effect of increased consistency has 
been to make glass articles suitable for a number of 
mass markets. In some cases, indeed, the mass market 
has been created because of the introduction of auto- 
matic methods of production. Such, for instance, is the 
case with the now common milk-bottle. Whereas forty 
years ago it did not exist, present production in the 
U.K. alone is of the order of 500,000,000 units each 
year. This figure is all the more impressive when one 
realizes that the average life of a milk bottle is of the 
order of sixty trips or more. Similarly, the availability 
of flat glass of controlled quality and dimensional uni- 
formity has made possible the vast increase in glaz- 
ing which is a significant feature of our age, not only in 
buildings but in other important applications such as 
cars, where several million square feet of toughened 
or laminated glass are used each year. One industry at 
present developing very rapidly is that concerned with 
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Fig. 5 Automatic 
control of  glass- 
fibre diameter 
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glass-fibre-reinforced plastics. Already there are some 
spectacular achievements with this new family of engin- 
eering materials, and whilst the development of this 
industry is in part due to the development of ‘com- 
patible’ plastics materials, the availability of substantial 
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quantities of highly consistent glass fibres is a major 
contribution. 

An indirect advantage to the community as a whole, 
rather than to the glass industry itself, arises from the 
fact that glass products are now known to be consistent 
(to within astonishingly close tolerances, when one con- 
siders that they are made at high temperatures from a 
material which then has the properties of treacle). Thus 
the packer of beverages can mechanize his filling lines 
to cope with hundreds of bottles per minute, or the 
safety-glass manufacturers can set up a plant and know 
that the same treatment of each piece of glass will 
produce the desired result. In such ways the advantages 
of more economic operation can be passed down the 
line until the cumulative effect on the ultimate consumer 
is significant. 

Thus, we have seen that improved consistency of 
products has had the effect of increasing the demand. 
As the demand has increased so has it been possible to 
plan the operations of the glass-works more efficiently, 
by making it feasible to produce long ‘ runs’ of given 
articles. The net effect, as far as customers of the indus- 
try are concerned, has been that the glass industry has 
succeeded to an unusual extent in holding down the 
price of its products, most of which are themselves 
much better in quality than they were a bare twenty- 
five years ago. 

A significant contribution to economic efficiency has 
been achieved in the control of furnace operations— 
combustion of fuel, melting of raw materials and homo- 
genizing the melt. A crude yardstick of the performance 
of furnaces is provided by an assessment of the number 
of square feet of melting area required to produce one 
ton of glass per day. Whereas twenty-years ago a typical 
‘good * furnace would operate at about 10 ft?/(ton/day) 
in the container industry, and the average might have 
been about 12, to-day there are a number of works 
showing figures of 6°5 or even lower. In other words, 
furnaces of the same melting area will now be pro- 
ducing at least 50% more glass than formerly, and 
because of the various process controls this glass will 
generally be of far higher quality. 

Another way of looking at the melting problem is to 
consider the number of tons of glass which are being 
produced for every ton of coal consumed (or the calori- 
fic equivalent of coal, as oil or gas). 

Over the period 1923-1927 an average figure was 1°5 
tons of glass per ton of coal for the container industry; 
the present average value is almost certainly more than 
30 whilst some furnaces are known to operate at 3-5 
tons of glass per ton of coal or better. Comparing these 
figures with those which applied to the earlier discon- 
tinuous or hand-worked furnaces, we find that the 
glass/fuel ratio for the latter was generally less than 
unity. A large part of this improvement is associated 
with improvements in furnace design, heat recovery 
systems, better refractories and the like, but first instru- 
mentation and then control have played a vital part in 
determining optimum operating conditions, and in en- 
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suring that conditions appropriate to different furnace 
loads are set up without wasteful delay, and are main- 
tained. When one considers that over a million tons of 
glass are melted in the U.K. each year for containers 
alone, it will be seen that, by refining the control sys- 
tems, the industry has made a significant contribution to 
the national fuel economy. 


Mention has been made on a number of occasions of 
the rather intangible feature ‘glass quality’. Many 
aspects of this can be recognized, for example the 
presence of bubbles, blisters, streaks, non-glassy inclu- 
sions, inhomogeneities, etc. may detract either from its 
appearance or affect its serviceability: because of mul- 
tiple reflexions even the faintest tints may show up as 
undesirable colour: inadequate annealing could affect 
service behaviour in some applications. Control of some 
of these features goes back to the handling, weighing 
and mixing of the raw materials, and a notable number 
of glass-works have in recent years installed fully auto- 
matic plant for carrying out these operations and con- 
veying the mixture to the furnace. Other factors relate 
to the melting conditions, which as we have seen are 
now under an advanced degree of control, whilst still 
others depend on conditions in the delivery system 
feeding molten glass to the forming machines. Here 
again automatic control has produced a major decrease 
in the proportion of defects and, by ensuring that the 
machine gets what it wants, has enabled machine speeds 
to be increased to the sort of figures quoted earlier. 
Annealing is now everywhere carried out in controlled- 
programme tunnel furnaces. 


Human aspects 


We have seen earlier that the traditional glassblower 
has virtually disappeared from modern high output fac- 
tories and his place has been taken by the scientist, 
technologist, and engineer. However, all machines and 
control units require support services—machine-tool 
shops, instrument mechanics, maintenance etc. and the 
result has been not so much to displace labour but 
to replace one set of skills by another. Further, the 
vastly increased output has led to the employment of 
increased staffs for dealing with the finished ware, on 
inspection, packing and transport. The labour force of 
the industry has in fact increased year by year. There 
is, too, a valid contention that to a very large extent 
the unpleasant aspects of factory operation have been 
reduced over recent years. It is no longer necessary 
for men to be engaged on heavy shovelling of raw 
materials, or exposed for long periods to the intense 
radiated heat from the furnace. 


Summing up, the glass industry is one for which 
the word ‘ automation’ is only a new expression of an 
already accepted attitude of mind and physical accom- 
plishment. Glass-works are not fully automated—they 
probably never will be—but by comparison with other 
basic process industries their achievements are not 
negligible. 
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PART 1 





Whys and wherefores of the techniques 
of digital process control, which are now 
rapidly gaining ground in the United States 





Ferranti Argus process control computer 


Process control by computer 


by R. A. MORLEY and M. B. WOOD 


Ferranti Ltd., Wythenshawe 


THE CONTROL OF INDUSTRIAL PROCESSES BY DIGITAL 
computers has arisen as a natural consequence of two 
post-war trends. On the one hand, as a result of parallel 
developments in logical design and in components, 
digital computers are becoming sufficiently flexible and 
reliable for on-line use. On the other hand, military 
equipment and systems are so much more complex that 
man can no longer control them unaided. 

Early complex control problems, such as occurred 
in setting up command guidance for the Nike anti- 
aircraft missile, were solved by means of special-pur- 
pose analogue computers—a trend which has carried 
through into process control to some extent. Digital 
computers were not, at that time, sufficiently fast for 
the Nike requirements, and the accuracy of the selected 
analogue system was stretched to the limit. This illus- 
trates the choice between the two methods when applied 
to process control. We shall not argue the case of one 
versus the other, since both have their places (as will 
be seen); but our emphasis will be specifically on 
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the application of digital techniques to process control. 

The variety of control problems arising in defence— 
missile check-out and count-down, automatic data 
handling for radar systems, airborne navigation systems, 
and so on—lent some incentive towards avoiding the 
design of special-purpose equipment for each; and 
attention was accordingly turned towards digital com- 
puters, then beginning to achieve speeds more appro- 
priate to these requirements. In the first instance small 
general-purpose scientific computers, such as the G.P.E. 
Controls LGP-30, were adapted for on-line control 
problems; and, in fact, computers alleged to have been 
designed specifically for process work still bear close 
similarities to their predecessors. We can expect the 
second generation of control computers to exhibit a 
more marked deviation from general-purpose machines, 
particularly with respect to methods of storage and logi- 
cal design. 

The present whole-hearted adoption of the idea of 
computer control in America has generated a bewilder- 
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ing series of new terms—adaptive control, feedforward 
control, and so on—which tend to obscure the main 
sub-divisions of which these are only special cases. 


Logging and alarm 


The first and simplest application of computers to 
industrial processes is in the field of data logging and 
alarm. Although it is not easy to justify such installa- 
tions economically, the introduction of data handling 
techniques into conventional process control provides 
a convenient first step to more beneficial applications, 
and induces confidence (or otherwise) in the reliability 
of the particular equipment used. 

The advantages of using a computer rather than a 
more conventional data-logger for such work are to 
be found in the flexibility of the former. Thus, it is 
very often possible to compute a group parameter, com- 
pounded of a number of more usual process variables, 
but possessing correspondingly greater operational signi- 
ficance. A very simple example is gas density, which can- 
not easily be instrumented directly, but which may 
readily be computed from straightforward measure- 
ments of temperature and pressure. This technique, 
properly applied, not only reduces both the number 
of variables which have to be logged and the need for 
expensive quality-measuring instruments, but also makes 
possible a more rapid assessment of plant performance 
and an understanding of the process. It is particularly 
valuable in the case of pilot plants, the very purpose 
of which is the production of operating data rather 
than materials. 

On full-scale plants, a logging computer can also 
be used for the immediate calculation of operating 
guides, the results of which are applied manually. It 
is a smaller step from this stage to the vesting of con- 
trol action in the computer, and therefore rather 
important that the system should be capable of later 
expansion to overall control. 

On the occurrence of alarm conditions, too, a com- 
puter can be programmed to carry out- diagnostic 
routines to establish and announce the location and 
nature of the fault, and, where necessary, to take the 
appropriate remedial action; in the extreme case, this 
might involve automatic shutting down of the plant. 
Prompt and effective action on the receipt of alarms 
can, in some circumstances, effect considerable finan- 
cial savings in terms of repair, maintenance, or reduc- 
ing down time. 

Thus, with the possible exception of pilot plants, a 
logging and alarm system has virtue only if it can later 
be expanded to encompass whatever control functions 
may be desired. This inevitably means that the initial 
installation will be rather more expensive than is strictly 
necessary at the time; but, properly planned, it should 
give a handsome return on the investment. 

One possible extension, in the case of a company 
which owns a number of plants, is to the use of a small 
logging computer at each location, pre-digesting and 
storing the process data. This is available on call from 
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a large, central, general-purpose computer, which can 
carry out very complex processing using the newly- 
developed time-sharing technique, and pass back oper- 
ating guides for either manual or computer control to 
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Fig. 1 Logging and alarm system 


each plant. In order to exploit its potentialities to the 
full, the central computer would also be used for 
general scientific and other calculations. 

Supervisory control 

Very few processes have such characteristics that they 
can be controlled by present methods at, or even close 
to, their optimum conditions. If, coincidentally, the 
desired condition is achieved, it cannot normally be 
held in the face of a random disturbance, owing to 
interaction of the control corrections through the dyna- 
mics of the process itself. Thus, a correction to the con- 
trol loop in which the disturbance was first observed. 
causes its own disturbances in all the downstream 
loops, with varying (and sometimes very large) time 
delays. This generates a self-propagating family of fur- 
ther disturbances, which can only be controlled if the 
plant dynamics and appropriate lags are known. 

An experienced plant engineer will have empirical 
knowledge of the more severe effects of this sort, and 
can take moderately effective action. But, even if all 
the effects are known, as they may be (on paper), the 
translation of this knowledge into the appropriate con- 
trol actions is almost inevitably beyond the capacity of 
the human operators. The memory, computation ability 
and speed of reaction of a computer is needed to carry 
out really effective supervision of processes controlled 
by conventional means. The computer, then, replaces 
(but does not eliminate) the shift operators, and takes 
over their tasks of adjusting set points and logging 
these actions. 

The installation of a supervisory control system 
should not be regarded as an excuse to sit back in 
complacency. It would be a very unusual plant indeed 
for which the dynamic performance could, at any time, 
be defined precisely, and a continuous programme of 
development and improvement would invariably suc- 
ceed the installation. 

The key to this programme lies in the care with 
which the logging routine has been selected, and it is 
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well worth the expenditure of considerable preliminary 
effort to devise a scheme which will give the maximum 
of information (as opposed to data) in the most usable 
form. Thus, a large company may possess its own 
general-purpose computer, staffed by a team of pro- 
grammers, and would probably prefer to log direct 
on magnetic or paper tape, which, after input to the 
larger machine, could be analysed to provide informa- 
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Fig. 2 Supervisory control system 


tion on the process equations. A company which does 
not possess such a facility, and is not prepared to 
buy computer time, may settle for a more flexible 
scheme in which controlled disturbances can be 
introduced manually, and their results observed on a 
limited number of recorders, on which any instrumented 
or computed parameters can be selected for display. 
These are only two of the many possible methods. 

It is important at this stage to recognize that control 
refinements will generally require alterations to the com- 
puter programme rather than to the actual hardware 
of the installation. This is not to say that it will not 
become desirable, perhaps, to add a new quality-con- 
trol instrument or an additional logging device; but 
such a requirement will be the exception rather than 
the rule. The important consideration is that the com- 
puter itself shall be sufficiently flexible to accommodate 
such unforeseen changes: it should be possible to add 
to the storage capacity or to the numbers of inputs and 
outputs, after installation, without major changes in 
design or more than transient interruption of the con- 
trol procedures. 

The speed required for a supervisory control com- 
puter will depend entirely on the nature of the pro- 
cess to be supervised. A complex plant with very many 
instrumented variables, for which considerable logging 
is required, may need quite high computer speeds. If 
the process contains reactions which tend to run away, 
rapid response in these loops may be necessary, even 
to the extent of controlling certain devices directly from 
the computer rather than through intermediary analogue 
control loops. If, following the trend discussed in the 
previous section, it is desired to include alarm and 
shutting-down action, very high speeds may be needed. 
Each case must be treated on its merits; but, as before, 
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it is always advisable to leave plenty of margin to cater 
for the inevitable development of the control system 
over a period of years. 


Direct control 


The digital control of essentially analogue mechanisms 
(such as pneumatic or hydraulic valves) is an established 
technique in the broad sense. This is seen, for example, 
in the computer control of machine tools, or in certain 
military applications of computers. The full under- 
standing of these systems involves a knowledge of 
sampling servo-mechanism theory, but at this stage it 
is sufficient to be aware that there are many ways by 
which such devices may be controlled, varying, for 
example, from the use of valve positioners, to feeding 
back valve-position as a further input to the computer 
in order to close the loop. 

By these means, in theory at least, it is possible 
to control a process without interposing analogue con- 
trollers between computer and plant. The advantages 
in the case of a new plant, or of one which is to be 
re-instrumented, are considerable, in that the saving on 
analogue controllers will back-off or overwhelm the 
cost of the computer installation. For about the same 
price as a conventional control system, the benefits in 
plant optimization of a supervisory control system can 
be obtained. 

In practice, however, this procedure is not normally 
to be recommended until the reliability of the new gen- 
eration of control computers has been thoroughly 
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Fig. 3 Direct control system 


established at a very high level indeed. Even then, it 
is important that the system should be designed on 
fail-safe lines. One possible technique (which, however, 
eliminates the cost saving as compared with a super- 
visory system), is to install two computers in parallel, 
with automatic facilities for switching from one to the 
other in defined cases of failure; another is to retain 
the conventional controllers, in parallel with the com- 
puter, using a similar fail-safe switching system. The 
benefits of such methods are to be found in the result- 
ing quality, speed, and flexibility of control, rather than 
in any direct saving of cost. 

An early exception to this general conclusion may 
be the type of plant which is large, but in which the 
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process is so sluggish that it can be controlled, after a 
fashion, by hand. The benefits in such cases are obvious; 
the risks are becoming rapidly smaller. No such instal- 
lation has yet been announced, although the time when 
this will be so cannot be far off. 

In addition to the need for an exceedingly high total 
reliability, a computer installed for direct control of 
plant will need to be very fast, particularly if there is 
a large number of control points and considerable 
logging requirements. As before, it will be advisable 
to cater for a surplus of capacity and speed. 


Sequence control 


The previous sections have dealt with the logging, 
supervisory, and direct control systems concerned, by 
implication, with continuous processes. The same head- 
ings, slightly re-defined, can also be applied to the 
wider range of processes which are normally lumped 
together under the title of sequence control. Some typi- 
cal examples are batch production, packaging, starting 
up and shutting down of otherwise continuous processes 
(e.g. power stations), traffic control, complex switching 
and decision problems such as those that occur in tele- 
phone exchanges or control of the national grid, oil 
pipeline control, and so on. 

The ordered logic required to control processes of 
this nature is inherent in the basic concepts of digital 
computers. To take only one of the above examples, 
the starting-up of a large modern power station involves 
following a complex sequence of checks and actions 
in a given order, so that the whole unit is gradually 
brought up to full power at a rate which is as high as 
possible without transgressing safety precepts. Inputs 
to a computer controlling such a process would consist 
of values defining the ‘ safety status’, together with the 
state of all controlling devices. Outputs consist of sig- 
nals altering these states to conform with the desired 
programme, together with whatever logging is required 


to provide the necessary records. The sequence of . 


operations is now sufficiently complex to introduce 
occasional errors on the part of human operators; and, 
when such stations are worked on a two-shift basis, 
it is clearly desirable to install a reliable and repeatable 
method of control. 

Logging systems as such are rarely applicable to 
sequence control, and the nearest approach occurs in 
such processes as batch production, packaging, or mail- 
order business, where outside orders have to be filled 
and despatched in variable ways. This means that it 
must be possible to insert such orders into the computer, 
which controls the making-up, attaches order notes, 
keeps an order file, and progresses the work in the most 
economical manner. The primary requirement here is 
that the computer should have a large erasable memory, 
which can preferably be added in units until the de- 
sired capacity is achieved. Again, therefore, the design 
must be flexible. 

Both supervisory and direct control have the same 
interpretation when applied to sequence processes. The 
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emphasis, however, may often be shifted towards direct 
control, partly because many such processes can only 
otherwise be controlled by hand, and partly because 
they normally call for much slower reactions than con- 
tinuous processes. 

Consider, for example, the control of road traffic in 
a large city. Instrumentation for counting vehicles is 
in daily use, and could be deployed at key points to 
provide inputs to a central computer which evaluates 
traffic densities. The computer then operates traffic- 
lights directly in order to smooth out the density varia- 
tions. Here the prime requirements are for a large 
erasable storage capacity and for a computing speed 


sufficient to deal with the many inputs and outputs 
needed. 


Conclusion 


It is clear that if we are to avoid the development 
of large numbers of specialized systems for carrying 
out the different tasks which have been outlined, then 
control computers must be very flexible indeed. Speci- 
fically, they should be very fast, possess variable pro- 
gramme and erasable storage capacities, and cater for 
large numbers of inputs and outputs. They must cer- 
tainly be highly reliable. 

It cannot normally be expected that computer con- 
trol can provide significant savings in man-power. 
Rather will it mean that shift duties will suffer a change 
of emphasis, in general requiring less experience of the 
particular process, but more knowledge of the new 
method of control. The real savings are to be found 
in greater consistency of control, which can be trans- 
lated in many ways depending on the process: econo- 
mies in fuel and raw materials, reduced quality-toler- 
ances on the product, economical use of expensive 
materials such as catalysts, reduced processing times, 
higher throughputs, reduced maintenance; these are 
typical examples of the benefits which may accrue. 
American experience on the several plants which have 
been computer-controlled for sufficiently long is that 
the complete cost of the installation, including the design 
study, is paid back in from three months to three years. 
There is no doubt that these times will be reduced as 
experience in the technique of optimization grows. 

When plants are designed expressly for computer 
control, it is likely that the savings will become really 
significant. For example, intermediate storage areas can 
be reduced or eliminated; instrumentation, particularly 
of quality parameters, can be reduced; and the pro- 
duct-blending necessary to smooth out present variations 
in quality can be eliminated. Processes which could not 
otherwise be controlled can now be thought about more 
seriously. 

The next part of this article will illustrate many of 
the points which have been made above, and in it we 
shall consider some working installations of control 
computers. 


Acknowledgments are due to Ferranti Ltd. for permission to publish this 
article. 
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Elaborate measuring equipment is often built 
around load cells, and the signal then 
found to be too inaccurate. Proper regard 
to mechanical engineering is the answer 


Load cells in 


industrial weighing 


by R. B. SIMS, B.SC., PH.D., M.I.MECH.E., A.INST.P. 


Davy and United Engineering Company Limited 


The general equations were given in Part I (February), 
errors due to e.r.s. gauges were analysed in Parts I and 
2, and errors in design and application were discussed 
in Parts 2 and 3. 


LOAD-CELL CALIBRATION 

The output ratio (V,,/V,) for any type of load cell 
may be calculated approximately, usually to within 
+ 5%, at the design stage, but each cell must be cali- 
brated accurately against known standards before 
despatch, and the completed installation recalibrated on 
site to achieve the highest accuracies. The design of 
suitable calibrating equipment, and methods whereby 
it may be checked frequently against the Standard 50- 
ton machine at the N.P.L., are complex problems which 
could only be discussed adequately in a separate paper. 
These problems are important, however, since the cells 
will inevitably reflect the inaccuracies of the testing 
machine, and test procedure, and they must not be 
neglected. 


ERRORS DUE TO MEASURING CIRCUIT 

The measuring circuit includes the power supply for 
the e.r.s. network, the interconnecting cabling, and the 
load indicator or recorder. The errors in this part of 
the load-measuring installation are: 

1. Variation in the output voltage of the power 

supply which causes a change in load-cell calibra- 

tion and a change in the electrical zero. 

2. Errors in summation of the outputs where more 

than one load-cell is employed in the measurement. 

3. Changes in the electrical characteristics of the 

load-cell output signal due to changes in the charac- 

teristics in the interconnecting cable. 

4. Errors in the electrical measuring circuit, including 

lack of sensitivity and scale resolution. 

Figs. 23a and b show the two possible forms of 
measuring circuit. The open-loop circuit is not suitable 
for accurate load measurement, since variations in the 
power supply are reflected in the overall accuracy of 
the system, and unless some sacrifice is made to accur- 
acy and sensitivity by using a parallel summation, each 
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load cell in the measuring system must have its own 
stabilized power supply, thereby adding to cost. More- 
over, the gain changes in any amplifier used in the 
measuring circuit must also be added to the total in- 
accuracies of the system. Open-loop measuring circuits 
are sometimes used when transient loads are to be 
measured. A closed-loop system does not usually possess 
a sufficiently fast response, and an open-loop system 
with an amplifier is used to drive a high-speed recorder. 

The open-loop circuit can be used, however, to pro- 
vide the simplest possible method of indication. The 

Indication 


with or without 
amplifier 


Fig. 23 Measur- a 
ing circuits 
a. open loop, 


Electronic a.c. 
b. closed loop 


self-balancing 
servo indicator 


resistance of the network may be chosen in relationship 
to the other variables so that the output current /,, in 
equation 6 may be measured with a microammeter. 
Usually the stress in the elastic measuring element must 
be 20 to 25 tons/in® at the rated maximum load; the 
bridge potential V, must be 100V and the resist- 
ance of each arm of the bridge 25000, using e.r.s. 
gauges formed from Nichrome wire 0°001 in. (0°025 mm) 
in diameter. With first-grade instruments to monitor 
the bridge potential and measure the output current, 
an accuracy within + 1% is possible if one cell is em- 
ployed, but the summation of two or more cells must 
be made using the parallel method (see below), and 
this way introduces somewhat larger errors. Nonethe- 
less, if the working conditions are such that a 50-»A 
meter may be used, and the load-cell power supplies 
may be checked frequently, then the method has the 
great virtue of cheapness. 
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It is very difficult to devise a satisfactory d.c. closed- 
loop measuring circuit which is competitive economically 
with alternative a.c.-energized systems, and the majority 
of measuring circuits employ this latter technique. D.C. 
is only now considered, with a possible sacrifice in 
accuracy, in special cases; for example, where pick-up 
from adjacent heavy-current equipment cannot be 
avoided, and in some forms of conveyor weighing. 
Thermo-electric effects at the junction of two dissimilar 
metals must be avoided in d.c. systems. Practically 
speaking, these only occur in unsymmetrical temperature 
fields, and the load cells and circuits are—or should 
be—electrically and geometrically symmetrical about 
the input-output axis. The effect is discussed in detail 
by Stein (/5). 

The a.c. measuring circuit solves many of the diffi- 
culties in achieving highly accurate measuring systems 
at a reasonable cost. The power supply becomes simply 
an accurately made, multi-tapped transformer. Each 
load cell is separately supplied from the one trans- 
former, which also energizes the slide wire of a standard 
a.c. self-balancing potentiometric indicator or recorder. 
The cells may be summed either by a resistance net- 
work which takes an average voltage, or, preferably, 
in a series system which has the great advantage of 
adding together accurately all the outputs, thereby in- 
creasing the signal level. The major problem of the 
effect of input-voltage changes on overall accuracy is 
then solved cheaply, and completely. The only other 
problem which remains is the adjustment of the phase 
of the individual load-cell signals to that of the slide 
wire. Phase matching has been the subject of a great 
deal of research, and now becomes a problem only in 
systems intended to indicate accurately at the + 0°1% 
level and better. The only real disadvantages in the 
a.c. measuring circuits when compared with d.c. systems 
are that the bridge zero coefficient Z in equation 7 con- 
tains resistive and capacitive terms which must be separ- 
ately balanced, and a great deal more care must be taken 
in laying the interconnecting cabling. It must be.screened 
to avoid pick-up, and the type and quality of cable must 
be chosen with care to avoid changes in capacity balance 
with time. 

A self-balancing potentiometric indicator or recorder 
which will accept an a.c. signal is therefore used in 
closed-loop measuring systems, and since this is a rela- 
tively expensive piece of equipment it must be chosen 
with care. As the cost of the equipment is determined 
by the quality of manufacture and servicing facilities, 
so also are reliability in service, speed of response, sen- 
sitivity, guaranteed accuracy of measurement at a given 
signal level, and the size of the indicator dial or recorder 
chart. 

The speed of response of the indicator or recorder is an 
important consideration in process control. In the tank- 
weighing installation shown in Fig. 15, load changes 
are slow and an indicator in which the pointer takes 
30s to travel from zero to full scale (or 30-s response 
time) is adequate, whereas in the tank installation in 


CONTROL May 1960 



























































Fig. 24 Dual-range indicator for the scale-car shown in 
Fig. 22 


Fig. 7a or 7b, a Honeywell Electronik indicator with 
a 54-s response time is fitted since it is used to measure 
out 5-ton increments of load from a large tank. In a 
rolling mill a far faster speed of response is needed, 
and the normal loadmeter installation employs a poten- 
tiometric indicator of special design (the Davy-United 
* Highspeed” system has a response time of less than 
0-5 s). The higher-speed indicators are, of course, more 
costly, and requirements should be carefully considered 
before a fast-acting system is installed. 

The sensitivity and accuracy of measurement at a 
given signal level are also important points to con- 
sider, particularly when high accuracy and high speeds 
of response are called for. A good potentiometric indi- 
cator or recorder will be sensitive to a change in signal 
of 4V, but design of the equipment, usually resolu- 
tion of the slide wire and backlash in the drive, limits 


Fig. 25 Multirange scale expansion on an asro-engine 
test bed 
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the measuring accuracy to +025% of full-scale 
deflexion, whatever the signal level. It is impossible to 
guarantee a load-cell installation to accuracies better 
than + 0°3% of full load, at any loading when the cell 
output is applied directly to an unmodified standard 
potentiometric indicator. However, experience has shown 
that, with a good instrument, accuracies as close as 
+ 0°15% may be reached on standard equipment, and 
this is about the limit of resolution of the indicator 
scale, which is usually about 30in. long (750mm). 
Clearly, if accuracies in the region of + 0°05% to 
+0:1% are to be realized, the instrument inaccuracy 
must be reduced and the effective length of the scale 
increased. Three methods of achieving this are shown 
in Fig. 7b, Fig. 24 and Fig. 25. In Fig. 7b a standard 
Honeywell Electronik indicator has been fitted with 
manually operated scale expansion, the additional cir- 
cuitry being fitted to the auxiliary tray beneath the 
indicator. In Fig. 24 an indicator with a 36-in. diameter 
dial and a 95-in. (2650 mm) scale-length has been fitted 
with two ranges, 0-30 tons and 0-60 tons, for the scale- 
car weighing shown in Fig. 21, so that accuracies con- 
siderably better than + 70kg and + 150kg may be 
reached, depending on the load in the scrap pan. The 
indicator has a response of 5} s. The installation for a 
jet-engine test bed, shown in Fig. 25, not only has a 
36-in.-diameter scale, but also six-range scale expan- 
sion so that an accuracy of + 10 1b can be reached in 
30,000 Ib on a scale of — 10,000 Ib to + 20,000 Ib. Scale 
expansion is obtained by partly restoring the balance of 
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the load cells with a set of precision resistors which are 
switched into the circuit. In Fig, 25 the outer scale is 
calibrated — 10,000 1b to + 20,000 1b, and the inner 
scales cover a range of 5500lb. If a thrust of 
+ 16,5501b is to be measured, the resistor network 
balances the load-cell output by an amount equivalent 
to — 10,000 Ib + 25,000 Ib = + 15,000 Ib of load, and 
the residual output of 1550 1b is displayed on the posi- 
tive range of the inner scale, covering the load-range 
0-5500 lb to an accuracy of + 101b. The scale expan- 
sion is carried out automatically by a set of switches 
driven by the indicator, and the total load is obtained 
by adding to the scale reading the amount of load off- 
set by the resistors, which is indicated by one of the set 
of lamps on the inner dial. The manually operated ver- 
sion of this system is possible at a very reasonable cost, 
and is adequate where changes in load take place slowly 
but require precise measurement. 

More than one load cell is used in the majority of 
industrial applications, and errors may be introduced 
into the measurement of total load by the method 
employed in the summation. Figs. 26a—-c show three 
possible circuits arranged for summation in three load- 
cells, although the method is applicable to any number. 
The parallel-parallel summation shown in Fig. 26a has 
been widely used, but has a number of disadvantages 
which cannot be ignored. Its principal advantage is that 
only one source of power is needed to energize the load 
cells, and in d.c. systems this is important since only 
one stabilized power supply is required. In this arrange- 
ment the slide wire of the self-balancing potentiometric 
indicator must be separately energized, and unless the 
two power supplies are kept to precise ratio, errors in 
calibration, or measurement, will occur. The major 
objection to this type of summation is that the bridges 
will load each other if they differ mechanically and 
electrically and carry different loads, introducing unac- 
ceptably large errors in the measurement of total load. 
This problem has been discussed by Sims, Place and 
Morley (4). Moreover, the total output of two or more 
equally loaded identical cells summed in parallel is the 
same as that of one of them, so that the method gives 
a lower signal level than the theoretical maximum, and 
in highly accurate systems the loss of sensitivity in the 
measuring circuit may be objectionable. 

Fig. 26b shows a modification to the simple parallel- 
parallel summation, intended to overcome the errors 
introduced by the two power supplies when using a self- 
balancing potentiometric system of measurement with 
d.c.-excited bridges. A fourth bridge is added, built 
from precision resistors, which is energized from the 
common supply and is unbalanced by the servo-system 
by an amount equal and opposite to the sum of the 
load-cell outputs. This method, whilst convenient when 
the use of d.c.-energized cells is unavoidable, nonethe- 
less precludes achievement of the highest accuracies 
because of interaction between the networks. 

In the third system shown in Fig. 26c, each load cell 
is separately excited and avoids the objection of inter- 
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action. It is a practical method only for a.c. systems as 
described above. The outputs may be added either in 
parallel, by a resistance network, or in series. The 
former is the easier to achieve a capacity balance in the 
zero term, Z, in equation 7; The latter gives the larger 
output, and is preferable. The highly accurate systems 
shown in Figs. 24 and 25 use this method of summa- 
tion, since it provides the highest possible output for 
a given load-cell-bridge excitation. Providing the load 
cells themselves are truly linear in output with load, this 
method of summation will give an equally linear sum- 
mation, so gaining simplicity in the measuring circuit. 
LOAD-CELL APPLICATIONS 
In the above sections of the article an account has 
been given of the possible causes of error in load-cell 
weighing systems, and the methods by which these 
errors may be avoided. A number of load-cell appli- 
cations have already been illustrated, chiefly examples 
concerned with tank weighing and engine-thrust mea- 
surement. A brief survey is given below of the more 
specialized applications of load cells. The advantage 
of ‘ packaged precision” which a load cell brings to 
mechanical design cannot be too greatly stressed. Pro- 
vided that the cells are seated on a solid base, machin- 
ing is avoided on the structure, costs are saved on 
fabrications, and the extensive civil engineering, so com- 
mon for lever weighing machines, is greatly reduced. 


Crane weighing 

There are three methods of crane-weighing with load 
cells. (1) The cell may be built into the crane hook as 
shown in Fig. 27. The toroidal design is particularly 
suited to this application, and the toroidal element has 
been modified to take heavy side-thrusts. The overall 
height of the 15-ton cell shown in Fig. 27 is only 1-60 in. 
(40 mm). (2) The cell may be suspended from the crane 
hook, as a detachable unit. This method is of use only 
for an occasional check weighing, since the cable tends 


to trail and is easily broken if the cell is not treated - 


carefully. (3) Rope tension may be measured and the 
hook load taken to be proportional to it. Some error is 
inevitable in this method, since bearing and rope fric- 
tion are unavoidable, and whilst the latter may be 
reduced by using roller-bearing sheaves, rope friction is 
large and may vary. Measurements of rope tension, how- 
ever, may be made a reliable indication of hook load by 
measuring as many falls of rope as possible close to 
the hook. In many applications it represents the only 
possible solution to crane weighing. In accurate measure- 
ments of the weight of molten metal, for example, load 
cells cannot be placed near the ladle beam (although 
some Continental manufacturers have suggested it), and 
the measurement of rope tension at the crane crab by 
water-cooled load-cells represents the only solution. 
The fact that the measurement is made electrically, 
and the load indicator pointer is driven by a relatively 
high-torque geared electric motor, makes it possible to 
custom-build the weighing application to suit the plant. 
Fig. 28 shows a digital display built for a crane in a 
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Fig. 27 Load-cell crane-weigher built into hook, for which 

a Board of Trade Certificate has been granted 
high-production engineering shop. The crane is used for 
loading goods on to transport, and the tally clerk’s job 
is simplified since the weight appears in easily-read 
digits on the side of the cab, The interconnecting 
cabling is made by spring-loaded reels. A Board of Trade 
certificate has been granted under Section 6 of the 
Weights and Measures Act for this load-cell crane 
weighing equipment, either built into the crane hook, 
or suspended from it. 


Weighbridge 

Load cells may be used in the larger road and rail 
weighbridges with considerable cost economy in the 
overall installation. Fig. 29 shows a section through a 
60-ton rail weighbridge. The platform is supported 
either by four toroidal or four precision load-cells, de- 
pending on the application, yet the foundations are only 
24 in. deep (600 mm) overall, and consist simply of a 
concrete-lined and drained pit with four reinforced 
corners, comparing favourably with the elaborate civil 
engineering for the conventional lever systems of large 
weighbridges. These load cells may be fitted with shock 
absorbers which will also protect them against gross 


Fig. 28 Digital indication of hook load 
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overload. The scale-car seen in Fig. 22 shows another 
type of weighbridge—the mobile scale-car—where load 
cells have a great many advantages over the conven- 
tional lever machine, particularly in reliability and low 
maintenance. 


Tank weighing in dangerous atmospheres 

A certificate of intrinsic safety has been obtained for 
the toroidal and precision load cells described earlier. A 
modification is made to the normal circuitry and the 
standard design of potentiometric indication may be 
used, provided that it operates outside the dangerous 
area, or is contained in a flameproof enclosure. 


Roll loads and strip tension 

The e.r.s.-gauge load-cell was first produced for roll- 
ing-mill research, and a range of specialized equipment 
for this duty is now made for production mills. Toroidal 
load cells have also been fitted to the rolls of calenders, 
which is a similar application. Their chief use is to 
ensure that uniform load is applied along the roll barrel, 
i.e. the loads on each roll bearing are equal, and that 
a uniform load is maintained. In rolling mills the load- 
meters are used in automatic gauge-control systems to 
compute the thickness of the rolled product (/6), and 
to make a correction for any variations which occur. 

Load cells have also been used for the measurement 
of the tension applied to material produced in strip 
form (/7). The material is deflected over a measuring 
roller, and the downward force exerted by the strip is 
measured by cells placed beneath the roller. 


Conveyor-belt weighing 

A description of the use of load cells in conveyor-belt 
weighing has been given by Lowe (/8). Load cells have 
been used for weighing on belts passing less than 100 
ton/h to a large self-propelled dragline with conveyors 
moving up to 2000 ton/h. The advantages of load cells 
are obvious. Instead of the complex mechanical and 
electromechanical equipment associated with lever 
machines and their integrating equipment, one conveyor 
idler is mounted on two modified weighbeams as shown 
in Fig. 14, one at either end, and no drastic alterations 
to plant are required. The cells may be supplied with a 
signal proportional to conveyor-belt speed so that a cor- 
rection may be made for changes owing, for example, 
tu speed droop caused by the electrical characteristics 
of the drive, and the standard potentiometric recorder 
fitted with integration will maintain a summation of the 
load up to six-figure totals. The installation is appreci- 
ably cheaper than conventional lever systems. It has 
also the great advantage of not having moving parts; an 
important point, since so many conveyors transport a 
dusty burden which so easily damages knife edges. 
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Fig. 29 Drawing of section of load-cell weighbridge 
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Specialized load cells 

The small dimensions of the load cell make it possible 
to build equipment for specialized applications without 
undue cost. One of the best examples of this is the 
precision load cell shown in Fig. 30. This is built into a 
hydraulic jack, to be used as a substandard for load 
calibration. Load cells have been designed for measure- 
ment of the proof stress in reinforcing bars, the safe 
load on hot metal shears, the load on individual wheels 
of locomotives, and a number of other similar applica- 
tions where a simple solution is unobtainable by alter- 
native equipment. 

In the account of load cells which has been given in 
this article, emphasis has been put on the mechanical 
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and electrical design required to realize the accuracies 
called for by modern industrial processes. Given an 
accurate electrical signal, the plant instrument engineers 
are well able to devise circuits to suit their requirements 
from the abundance of standard and well proven 
components available to-day. So frequently, however, 
elaborate measuring equipment and control circuits are 
built up using load cells to give the primary signal of 
load; and when put to the test the signal is of inade- 
quate accuracy. The problem of accurate load measure- 
ment using load cells belongs essentially to the domain 
of mechanical engineering, and if this article has demon- 
strated the point, its purpose will have been achieved. 
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Switching is basic. Here is an introduction 
to the new solid-state devices that are in- 
creasingly taking over this job in industry 


Solid-state relays and switches 


by D. H. ROBERTS 


ONE OF THE MOST BASIC ELECTRONIC FUNCTIONS IS THAT 
of switching, whether this is done by toggle, post office 
relay, thyratron, or transistor. In the application of 
semiconductors to this function there are usually two 
criteria under consideration: speed, and power-hand- 
ling capacity per unit weight or volume. The former is 
all-important in the electronic computer and the latter 
in the control of power for heavy engineering. In 
general these two requirements conflict, and whereas 
one device might switch with a rise time of less than 
ten millimicroseconds, and another be capable of switch- 
ing and controlling several kilowatts, the simultaneous 
achievement of these two virtues in one device is un- 
likely—and probably unnecessary. 

In the following, devices of the post-transistor era 
will be discussed; all but one are most relevant to the 
fast computer. The exception is the controlled rectifier, 
which has great potential in the power field. Some 
attempt will be made to give a physical picture of the 
operation of these new devices, their characteristics, and 
some immediate fields of application. 


PHOTOCONDUCTIVE SWITCHING 

Highly sensitive photoconductive materials, such as 
cadmium sulphide and cadmium selenide, can be pre- 
pared as single crystals, ceramic blocks, or thin films, 
such that the ratio of dark to light resistance can be 
~ 10°. It is thus possible to ‘ switch’ the impedance by 
means of a light signal from an orthodox light-source— 
or better still from an electroluminescent panel which 
has a shorter rise and decay time. 

The virtue of this system is that a large number of 
switching elements (with no moving parts) can be 
assembled in a small space. Hundreds per square centi- 
metre is quite a reasonable figure. Since these are now 
light-operated there is no complicated wiring problem, 
and no fear of ‘cross talk’. The switching speed is 
limited by the response time of the photoconductor, and 
it is unlikely to fall below the millisecond level with 
presently available materials. However, even this speed 
is adequate for many applications. 

Recently, Loebner of R.C.A. has suggested that there 
could be built up a new class of electro-optical com- 
puter based on this type of device. The basic element 
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is illustrated in Fig. la. When the photoconductor is 
dark its impedance is greater than that of the electro- 
luminescent element, so that there is insufficient elec- 
trical power applied to excite the latter. If a pulse of 
light falls on the photoconductor, however, its imped- 
ance falls so that it switches on the electroluminescent 
element. The radiation emitted can be sufficient to keep 
PCI ‘on’ even after the original light impulse has 
disappeared. Thus we have a memory system that can 
be switched off by a second optical pulse on PC2. In 
Fig. 1b is illustrated an or gate. Many other orthodox 
circuits can be simulated by this technique. For large 
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Fig. 1 Electro-optical logical elements 


stores, as used in data processing, where speed is less 
important than size and cost, this technique could well 
become very important in the future. 


LOW-TEMPERATURE SWITCHES AND MEMORY SYSTEMS 
Superconducting devices 

It was first suggested by Buck (1956) that one aspect 
of superconductivity might have practical use in com- 
puter circuits. For all superconductors the presence of 
a magnetic field in excess of a certain threshold value 
(H.) restores normal conduction. His device consisted in 
the first instance of a superconducting tantalum wire 
surrounded by a few turns of niobium wire through 
which could be passed a current sufficiently high to 
generate a magnetic field > H. for tantalum, so switch- 
ing the tantalum to its high-impedance state. This is 
analogous to a relay, except that the high impedance is 
far from infinite. By suitably arranging the geometry 
it is possible to achieve current gain greater than unity, 
and hence to use the output of one cryotron (as this 
device is called) to control another. 
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Cryotrons can be used in many logical circuits such 
as AND and OR gates, matrix switches, and shift registers 
(Buck 1956, Slade and McMahon 1957). The speed 
limitation of this type of device is set partly by the 
thermal time constant of the rise and fall in tempera- 
ture produced by Joule heating during switching, and 
partly by eddy-current delays limiting the speed with 
which the transition spreads through the wire. Both 
these effects can be reduced by the use of thin films on 
suitable subtrates, and the future application of cryo- 
trons is most certainly tied to the thin-film techniques— 
either evaporation or electrodeposition. Currently most 
laboratories are concentrating their effort on thin-film 
technology, endeavouring to achieve greater understand- 
ing of the influences of substrate material and tem- 
perature, degree of vacuum used, deposition rate and 
so forth, on the structure and the superconducting 
behaviour of evaporated metal films. 

More recently, storage has been achieved using the 
persistent current in a superconducting ring. In one 
form it is called the Crowe cell (Crowe 1958), but whilst 
this could be a very useful device in a low-temperature 
computer it is not such a close analogue to more ortho- 
dox devices as is the cryotron, and as a complete de- 
scripton of its operation would occupy the whole of this 
article, nothing more will be said. 


Impact ionization switch 

In a semiconductor such as germanium, at low tem- 
peratures (in the region 4 to 20°K) there are compara- 
tively few electrons free to conduct. As a result the 
impedance of a small bar measuring 10 X 1 X 1mm 
can be several megohms. If the applied voltage is in- 
creased, the kinetic energy of the free electrons increases 
until electrons collide energetically enough with atoms 
of impurity (such as arsenic) to produce more free 
electrons. At a particular value of the applied field the 
rate of production of new electrons exceeds the rate of 
recombination, so that an ‘avalanche’ occurs and the 
resistance of the specimen falls by many orders of 
magnitude. The resulting current-voltage characteristic 
is shown in Fig. 2 (Rediker and McWhorter 1958). 

Apart from its considerable fundamental interest, this 
process has the following importance: 


(i) Its occurrence at low temperatures makes it suitable 
for use with the superconducting systems we have 
already discussed. 

(ii) Being a bulk phenomenon, it does not require any 
elaborate techniques for the fabrication of diffused or 
alloyed junctions. 

(iii) Many switches can be constructed on a piece of germa- 
nium 10 X 10 X 0-5mm (hundred switching elements 
without any difficulty). Fig. 3 shows a photograph of 
a hundred-element switch constructed by B. L. H. 
Wilson and B. Fitton (Caswell Research Laboratories). 

(iv) The rise time of the current pulse following a voltage 
signal pulse is very short. Typically, for applied fields 
of four times the minimum switching field, switching 
times of ~ 15 mus have been observed (Hayes, 1959). 


FOUR-LAYER DIODE 
As described by Moll et al (1956) and by Shockley 
(1957), this is a two-terminal device consisting of a 
semiconductor wafer containing four regions (compared 
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with the three of a transistor). Basically it can exist in 
two states—high- or low-impedance—the typical ratio 
of these values being 100 MQ to 300. The diode can 
be switched from the high-impedance state to the low 
by increasing the applied voltage beyond a critical 
break-down voltage (Vx). If insufficient current is avail- 
able the device will switch back to the high-impedance 
state (the minimum current required to hold the low- 
impedance state is called the holding current (/,). In 
Fig. 4 are shown the structure, symbol, and typical 
current-voltage characteristic. 

The switching mechanism depends on transistor action 
in the four-layer structure. At high voltages the current 
multiplication is sufficient to bias the middle junction 
forward, where originally it was in a reversed or block- 
ing-bias condition. Applications of the device include 
saw-tooth wave-form generators, pulse generators and 
bistable switching circuits. Given a device of small size, 
it seems possible that switching speeds of 10 mys may 
be possible with this new semiconducting switch. 


CONTROLLED RECTIFIER 

As the four-layer diode is the solid-state analogue of 
the neon tube, so the silicon-controlled rectifier (s.c.r.) 
with a third electrode is the analogue of the gas-filled 
triode or thyratron (Aldrich and Holonyak, +958). The 
resulting current-voltage characteristic is shown in Fig. 
5. As can be seen, the application of gate current 
causes break-down at lower voltages, and hence acts as 
a control. As well as multiplying electrons at high 
fields, which causes the four-layer diode to switch, the 


Fig. 4 Four-layer diode —Ve 
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gate electrode controls because the transistor current 
gain in the first npn part of the s.c.r. depends on the 
current. 

To turn the device off it is necessary (as with a thyra- 
tron) to reduce the current through the device to a value 
less than the holding current. This can be done in many 
ways. 

What we have, therefore, is a device which can block 
several hundred volts in the reverse direction, and can 
in the forward direction be switched from low to high 
conductance by passing ~ 50 mA of controlling current 
into the gate. This will then permit high currents to 
flow, limited only by the external circuitry and dissi- 
pation in the device. Typically, forward currents of 
20-100 A can be obtained, the built-in voltage-drop 
being 1-2 V. 

Compared with a gas-filled triode, the s.c.r. has the 
following advantages: 

(i) It is robust 
(ii) No heater supply or warming-up period is needed 
(iii) Size is small 
(iv) Operation is fast 
(v) Forward voltage-drop is very low. 

Compared with power transistors, the s.c.r. has the 
advantages of higher reverse break-down voltages (hun- 
dreds of volts instead of tens), and higher ratio of out- 
put to control current. It seems likely that in the next 
few years it will come into increasingly wide use in the 
industrial electronics and power engineering fields. 

Probable early applications include: 

(a) Static inverters—d.c. to d.c. and d.c. to a.c. 

(b) A.C. static switch—welding controls, magnetization 

equipment, furnace-heater controls, etc. 

(c) Phase-controlled a.c. switch—lamp dimming and tem- 

perature control. 

(d) Regulated power supplier. 

(e) Variable-speed drives. 

(f) Computer circuitry—impulse switching of memory cores. 


Fig. 6 Tunnel diode 
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TUNNEL DIODE 


This device (Esaki, 1958) was invented by Dr. Esaki 
of Soni Corporation of Japan, and is sometimes re- 
ferred to as the Esaki diode. It consists essentially of 
a p-n junction formed in such a way that both p- and n- 
regions are degenerate (i.e. tend to behave as metals), 
and the transition (or depletion) region is very narrow 
(~ 100 A.u.). In such a structure, at low applied volts, 
current flows by wave-mechanical tunnelling through 
the narrow forbidden region. As the forward bias volt- 
age is increased, the width of the forbidden region 
increases, and hence the tunnel current decreases. We 
thus have a region of negative resistance. The energy 
band configuration at zero bias and in the region of 
negative resistance are shown in Fig. 6 together with 
the current-voltage characteristic. 

This negative resistance can be used to make an am- 
plifier or oscillator, probably from the audio region right 
up into the kilomegacycle region. Also, the switching 
from A to B on the characteristic is of interest in the 
computer field, the switching speed being in the milli- 
microsecond region. 

As well as possessing these desirable characteristics, 
this device has the following virtues. 


(a) Unlike most semiconductor devices it is fairly insensi- 
tive to temperature (a germanium diode operates from 
—100 to + 200°C). 

(b) Owing to the mechanism used, this device is insensitive 
to surface ambient, and hence requires little in the way 
of encapsulation. 

(c) For the same reasons this device is less sensitive to 
nuclear radiation than are transistors. 

All in all, it seems likely to become of increasing 


importance in the future, not so much as a rival to the 
transistor as by making new applications possible in 
conjunction with transistors. 


CONCLUSIONS 

The devices discussed above have been given an 
undeservedly sketchy treatment; however, the references 
show where more details can be obtained. The purpose 
of this article is to introduce these new solid-state 
devices which will, together with devices as yet un- 
known, take over from thermionic valves and electro- 
mechanical relays an increasing amount of industrial 
switching and control. The point to be stressed, though, 
is that these new devices should not be seen simply as 
rivals to more orthodox components, but rather as 
devices that can perform operations hitherto impossible 
—and hence lead to further expansion in the industrial 
electronics field. 
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CONTROL looks round a college 
that is organized to match to-day's 
needs in control-engineering education 


WE WERE RECENTLY SHOWN OVER THE COLLEGE OF 
Aeronautics at Cranfield. There are arguments for and 
arguments against a national school devoted to control, 
and these have been frequently stated in this journal. 
The College of Aeronautics has been suggested as a 
suitable home for such a school, and the following 
observations are offered as further factual ground for 
discussion. 

The College of Aeronautics is a civilian educational 
establishment. It was established by the Government in 
1946 to provide post-graduate instruction in aeronauti- 
cal engineering, and operates under the aegis of the 
Ministry of Education. A diploma, the D.C.Ae., is 
awarded to students who are successful after two years 
of full-time post-graduate study in aeronautical engin- 
eering. The activities of the College, and thus its devel- 
oping reputation, have been confined until recently to 
the aircraft and associated industries, which have will- 
ingly provided most of the students at a steadily in- 
creasing rate; the yearly intake is now over a hundred. 


Finest teaching laboratories 


With the steady build-up of staff and facilities, includ- 
ing supersonic wind-tunnels, an extensive propulsion- 
test area, and a sizeable fleet of aircraft, it was inevi- 
table that some new activities would be developed, and 
in 1956 the College was chosen to provide a guided- 
missile course for Nato countries. This course has be- 
come a successful international institution, with an ever- 
widening range of nations allowed by the U.K. Govern- 
ment to attend, including non-Nato Switzerland, Sweden, 
India and Yugoslavia. It has provided the opportunity 
to set up what may be among the finest teaching 
laboratories on control and simulation anywhere in the 
world. These laboratories are centred in the Electrical 
Engineering Department of the College. With the instal- 
lation of analogue computers, electromechanical, 
hydraulic, and pneumatic servo-systems, alongside an 
already established range of basic laboratories, it has 
been no long step to include pneumatic control equip- 
ment and data-handling devices to cover—very ade- 
quately—the principles of control engineering. 
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Control at Cranfield 





The first of the one-year full-time courses in control 
engineering and in flight control commenced in 1959. 
This, although it is an activity of the Electrical Engin- 
eering Department (headed by Professor G. A. 
Whitfield), is not confined there, for there are special 
facilities throughout the College relevant to control 
engineering. Typically, in the Flight Department, there 
is a laboratory devoted to flight telemetry, using the 
latest equipment for subsequent data-processing, and 
another specializing in flight instrumentation. The Pro- 
pulsion Department provides special facilities for experi- 
mental studies of such topics as heat transfer. The 
Design Department is shortly to install extensive data- 
logging equipment for structural testing, which again 
will provide practical work for control students. The 
Department of Economics and Production is well 
equipped with machines for metal cutting and form- 
ing. A high-precision machine laboratory and a new 
10,000-ft? machine-tool laboratory will house a number 
of numerically controlled and automatic machines. 
The latter department is also active in preparing an 
introductory short course on automatic production and 
control, to begin next July. This is planned to be suit- 
able for production engineers and technical managers. 
Great stress is placed on practical laboratory work with 
real instrumentation, with even more stress on basic 
physical measurements, and instruction on_ these 
principles is given in the most suitable department. 


Diversity 

The courses on control engineering subjects in the 
Electrical Engineering Department are two out of 
several one-year ‘ diversified ’ courses, all of which lead 
to a new ‘ Diploma in Advanced Engineering’ (D.A.E.). 
The D.C.Ae. is a respected post-graduate qualification 
in the aircraft industry, and the College tells us that it 
is determined to make the new Diploma attain the 
same standard. 

Control engineering cannot be taught with only string 
and sealing wax—first-class equipment is essential. Some 
idea of the diversity and quality of the experimental 
apparatus and associated instrumentation at Cranfield 
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can be gained from the accompanying illustrations. 


In the Electrical Engineering Department there is a 
group of basic laboratories. The two machines-labora- 
tories cover the design and regulation of electromag- 
netic machines, magnetic amplifiers, and transducers. 
Thermionic and solid-state devices and circuits and 
microwave techniques are taught in the Basic Elec- 
tronics and two Radio and Radar Laboratories. A 
Physics and Measurements Laboratory is being equipped 
to ensure that students thoroughly appreciate the 
methods of measuring electrical and other quantities. 

The Servo-mechanisms Laboratory has eight electro- 
mechanical servo-mechanism teaching rigs, each of 
which provides a range of set feedback-control experi- 
ments on such subjects as shaping techniques and the 
use of describing-function and phase-plane methods. 
Other electromechanical experiments available include 
applications of synchros and a.c. servo-mechanisms and 
contactor and sampling servo-mechanisms. Missile-type 
actuators provide the coverage for high-performance 
hydraulic and pneumatic systems, which include several 
basic control-valve measurements. 


Computers 


Closely associated with the Servo-mechanisms Labora- 
tory is the Simulator Laboratory, where two standard, 
commercial, analogue computers are installed, along 
with a considerable amount of Cranfield-built equip- 
ment. This initial teaching is done on special five-ampli- 
fier trays, where summation integration and simple 
non-linear techniques are introduced, culminating in a 
few simple simulations, particularly that of the teaching 
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Servo-mechanism Laboratory 
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Electromechanical servo-mechanism 
teaching rig 


servo-rig used in the other laboratory. The more ela- 
borate studies are carried out in either of the standard 
computers. This laboratory also provides a service to 
the rest of the College (and, on a small scale, to out- 
side industry), for analogue studies arising from day-to- 
day research activities. 

Digital aspects are covered by a new Data-handling 
Laboratory, which provides fundamental experiments 
with thermionic, solid-state, and magnetic logic .and 
storage devices, and analogue/digital conversion tech- 
niques. Special transducers such as shaft encoders are 
introduced, and work leads up to complete systems 
such as machine-tool controls, data logging, and so on. 
This work will also be backed, in the coming year, by 
the installation in the Mathematics Department of a 
Ferranti Pegasus digital computer, and by card- and 
punched-tape-operated business machines made avail- 
able by the associated Cranfield Work Study School. 


Process control 


The Process Control Laboratory is another recent 
addition, and not yet in its final situation. Here basic 
experiments are performed, mainly on pneumatic instru- 
mentation. There is a comprehensive range of trans- 
mitters, two- and three-term controllers, and associated 
instrumentation, and the systems experiments are de- 
signed around such simple processes as water-level 
control and flow-control. Throughout these laboratories 
the ancillary instrumentation is of a high standard. 
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CONTROLLING GUIDED MISSILES—7 


Basically, the design approach is to apply 
some well-tried assumptions, synthesize 
then 


exact results by successive approximation 


a response, and reach more 


Hydraulic servos 


So far we have: considered the missile applications of 
electrohydraulic systems and their properties; treated in 
a general way the relays, motors and pilot-stage trans- 
ducers currently in use; and discussed the servo-valve, 
non-linearity, and pressure compensation. At the end 
of Part C (last month) we began an examination of 
hydraulic actuators, and this we continue below. 

For inflow, Q,, is taken positive. Piston velocity is 
taken positive in the direction of expansion. Applying 
this to either side of the symmetrical actuator controlled 
by a four-way valve (Fig. 9) the relevant cylinder pres- 
sures are P, and Px. From Fig. 9: 


P,=P, or P, — Pz) (55) 
P3 = P, — P; or P, | 

P, =P; \* (56) 
P, = P, | 

P, + Pu + Ps =P, ) (57) 


P.+P,+P,=P, | 
Thus it follows that the value of | dP/dt | to be used in 
eq. 54 is | P’,,/2 |. So we arrive at eq. 44. 

With the help of the equation of motion for the 
actuator, eq. 45, eq. 44 gives 


V M 
On = DnO’, + — ( —p""", + Bin, + Cu yy, ) 58 
(58) 

2K \ Dn 


m m 


and so 
6, s 2KD?,,/VM 


Q. Dmplp? + (B/M)p + (C,/M) + (2KD,,?/VM)] 
which is the transfer function of this particular type of 
actuator. If C, is zero this can be written 

6, 


Qn  Dmplp? + 22,0,p + 2,7] 


ar sss sss 
*This can be simply proved, albeit at some length, whether compressibility is 
significant or not. In the latter case it is plainly evident from consideration of 
symmetry. 


° 
0° 





(59) 
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It is a fairly safe assumption that for any new and un- 
known actuator, sized according to the rules given later, 
its damping ratio, £,, will not differ much from the value 
0-2, unless special provisions are made. One method 
sometimes used to increase the damping is the provision 
of a small bleed passage by-passing the jack. However, 
this is not too reliable, as, to be effective, it must be 
very small and is therefore easily clogged. Moreover 
its characteristics vary with temperature and its pre- 
sence results in a lower null pressure sensitivity (as con- 
sideration of ref. /4 will show). A longer passage, of 
larger diameter, would increase the compressible 
volume. 


The bulk modulus K is very much influenced by the 
air content of the oil. This topic is dealt with in ref. /5. 

The choice must also be made between a three-way 
valve with a differential actuator or a four-way valve 
with an equal-area actuator. In very large bomber fin 
control systems, to take one example, the larger diame- 
ter of the differential type may well be prohibitive. But 
in the quite small actuators used for missiles a differ- 
ential actuator can always be designed to occupy much 
the same volume as the symmetrical one. 


In fact, where a rectilinear motion is called for, the 
single output strut of the differential actuator is often 
adequate, and the matching strut at the other end of 
the equivalent equal-area ram an embarrassment. The 
single strut will also be necessarily large in diameter, 
which is likely to be more compatible with the struc- 
tural stiffness requirements. Furthermore the cost may 
be smaller, since only two diameters must be concentric. 
Against this, one half of the differential jack is always 
at supply pressure, and to this extent the seals on this 
side apparently have a more difficult job to do. 
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There is a strong case for much greater utilization 
of the differential system. No matter what its general 
pattern, the servo-valve can be far faster, simpler and 
cheaper, or alternatively faster and more precisely toler- 
anced. These are very important considerations, since 
the servo-valve not only provides the second greatest 
delay in most systems, but of all the components (except 
when a gyroscope is used as the pick-off) is much the 
most expensive and difficult to produce, with tolerancing 
critically affecting linearity. 

The advantage is great enough to outweigh certain 
other disadvantages. For comparable jacks the mini- 
mum natural frequency of the differential type is 30% 
lower. This occurs when hard over to one particular 
side. In the central position the frequencies would be 


Supply 


| ~~ ———> Exhaust 





drops 


Fig. 9 Four-way hydraulic control valve and jack 


equal, and to the other side the differential type is stiffer. 
Theoretically the push-pull (strictly push-push) hydraulic 
system gives a smaller second-harmonic content, though 
this will be difficult to detect in practice. Also the three- 
way servo-valve must be designed for a greater peak 
flow (X 2). In spite of this, the overall dissipation 
through one complete cycle is unchanged, and ease of 
design is not affected. A minor point is that damping 
by means of a bleed short-circuiting the jack uses far 
too much oil to be practicable in the three-way case. 

It is probably true that no fully rotational differential 
motor design exists. However, the requirement for full 
rotation is not often met in missile servos. 

A given velocity demand and actuator size determines 
the size of the servo-valve. This broadly fixes the servo- 
valve frequency response, which can be, and usually 
is, much wider than that of the actuator. If the jack 
size is increased, with the aim of raising the jack’s 
natural frequency («(D,,)') then the oil consumption 
will also rise (as D,,). A bigger valve will then be needed 
and the new natural frequency of the valve will inevi- 
tably be lower. The valve and jack peaking frequencies 


Fig. 10 Linear 
variable differen- 
tial transformer. 
Available with 
total weight of 
34, displace- 
ment + 0-005 in. 
Maximum _ dis- 
placement + 1 in. 
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must be kept apart (as is perhaps more readily appre- 
ciated than in any other way by consideration of their 
combined Nicholls plot), and so a compromise is usually 
necessary. It is obvious from the start that the com- 
promise is heavily weighted against the actuator, which 
is the larger component. Its weight must be kept down 
and so must its oil consumption, as there is never really 
enough oil available. Because the designer’s choice of 
jack area is so restricted in an application where the 
response requirements are high, the missile servo is 
especially affected by compressibility. 


Hydraulic servo pick-offs 


For position measurement, potentiometers are no 
longer very popular. Large rotary units suffer from 
low-frequency wiper bounce which effectively cuts them 
right off, and smaller ones often have too poor a dis- 
crimination. Friction, wire wear and poor contact are 
also occasionally significant. However, one unusual 
form, a single Nichrome wire carrying a high current, 
and tensed to avoid thermal slackening, is very use- 
ful for precise, noise-free, and lag-free monitoring 
down to very low amplitudes. It forms a useful labora- 
tory check on the fidelity of other types of pick-off. 

Generally a.c. inductive pick-offs are preferable for 
displacement measurement. The Roehr pick-off, origin- 
ally developed at R.A.E., the widely-used E-I type and 


“= 





Fig. 11 Elliott-English Electric velocity pick-off, sensitivity 
35 mV/(rad/s) 


linear differential transformers, of which Fig. 10 repre- 
sents an outstanding example, are the common alterna- 
tives to the standard synchro. 

Typical tachometers, and a gyroscopic rate pick-off, 
are shown in Figs. 11, 12 and 13. These components 
form a special topic on their own, but one not so 
badly neglected as that of, for instance, torque motors. 
They are covered more completely than could be man- 
aged here in refs. 16, 17 and 78. 
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Current hydraulic servos are nearly all d.c. systems. 
Suitable frequency-response shaping networks can only 
be designed for d.c. Moreover, a.c. servo-valves are 
relatively new and untried and have special wear and 
fatigue problems (Refs. 79, 20 and 2/ indicate the 
trend in this field, and show that such valves are not 
without promise). Consequently the a.c. pick-off out- 
puts usually require demodulation before use as feed- 
back signals. The problem special to g.w. work here is 
largely confined to high-resolution servos. A first order 
servo, for instance, with hypothetically no loop delay 
and a velocity constant of 300, has a time constant of 
3-3 ms. Actual servos approximating to this case may 
have a potential resolution of under one minute of 
arc. In order to take advantage of this, good smoothing 
is required. Effective smoothing of carrier ripple, with- 
out introducing significant phase lags in the flat response 
band of the servo (0-50 c/s), can only be performed if 
carrier frequencies are high, sometimes of several kilo- 
cycles. No simple RC filters exist which give sharp 
or narrow-band cut-off except at the expense of fairly 
broad-band phase modification. Inductive filters are 
technically more suitable but have physical drawbacks, 
e.g. the lighter they are, the more sensitive to saturation 
at minute d.c. levels do they become. 


Some special problems 


During the early phases of flight, while the boost 
rockets are firing, most ground-launched missiles’ roll 
at several radians per second, whilst the homing head 
remains locked on to the target throughout. The reason 
for this was given by Sendles in No. 4 of this series.* 
The interceptor missile is not usually launched straight 
at the target, and so the head must have an initial look- 
out angle at launch. Thus, as the missile rolls, the head 
must traverse rapidly from side to side of the frame in 
order to remain pointing in a given direction. This calls 
for high actuator flow rates. 

For the rest of the flight the demand velocities will be 
much lower, but the tolerable aiming error and toler- 
able correction delay become progressively smaller. So 
we find that in a system where small fast valves would 
meet the interception requirements, much larger com- 
ponents are needed to meet the boost conditions. Several 
solutions to this problem are possible, but the solution 
favoured on grounds of simplicity has usually been to 
meet the reqirements directly in the servo-valve. Now 
speed of response and linearity at small amplitudes, 
desirable for high performance in the interception cases, 
are particularly difficult to reconcile with high flow rate. 
This creates a fairly difficult design problem. The variety 
of new valves still appearing in the U.S. is witness to 
this unsatisfied demand, although many of these types 
are now approaching an admirable degree of refinement. 
Some idea of this variety is given in refs. 23 and 25. 

Ideally it would be preferable to pivot the homing 
head in such a way that its inertia would maintain it 
with a look-out angle relatively fixed in space. By using 


* CONTROL, June 1959, p. 71. 
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a fully underlapped valve, giving pressure control to 
some extent, or alternatively by using pressure feedback 
it would be possible to do this, and so to isolate the 
head from the frame of the missile. A demand signal 
would produce a pressure change to accelerate the head 
to the required position, This is not easy to achieve 
in practical heads, however, and, what is worse, under- 
lapped valves use a lot of oil. So in most cases the jacks 
are flow-controlled by zero-lapped valves. These give a 
fairly rigid coupling between head and missile frame, 
and so create something of a problem for the systems 
engineer. (See Sendles, loc. cit.) 

Oil dissipation is another vexed question. Many valve 
design problems could easily be overcome if an initial 
allowance of 10% say, or even 5%, of the peak flow were 
always permissible as leakage. Naturally, high boost 
rates tend to make this a more substantial demand. 
However, such quantities have not usually been pro- 
vided for, and in partial consequence the valves become 
critically difficult to produce. 

One unique feature is the effect of boost acceleration 
on the long oil-supply-lines from front to rear of the 
missile. For instance, the pressure drop in a pipe ten 
feet long at 20g is over 701b/in*. For this and other 
reasons it is essential to regulate supply pressure as 
close to the servo-valves as possible. 


Design methods 


There are many ways of approaching the design of 
this type of servo. A rough outline of a typical approach 
is all that can be given here. 

Basically it consists of the application of one or two 
well-tried assumptions to synthesize a response in the 
manner suggested below, followed (as a_ successive 
approximation) by a more exact analysis using the 
values so obtained. This would be based on the tech- 
niques outlined above and in the various references. 
The design and manufacture of a prototype system can 
then begin. 

It is suggested that this preliminary analysis should 
always be as simple as possible, for, while the cost of 
analysis can rarely match that of a mechanical experi- 
ment, the more sophisticated forms are entirely wasted 
without early support from experimental evidence. 


The designer’s specification 
Together with circumstantial limitations of space and 
weight the hydraulic servo designer will be presented 


with a specification, such as the following for a homing 
head: 


1. 4... determined by look-out angle and con- 
sequent upon choice of navigation sys- 
tem, angle of launch, etc. 

2. 4’... determined by roll rates 

3. 6”, determined by roll rates and gimbal 
configuration or interception conditions, 
ete. 

4. ema: determined by e.g. radar beam width 
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Bomax() determined by overall missile response 
+ target manoeuvrability, in the guid- 


ance phase 

6. M determined by missile size, look-out 
angle, etc. 

7. T(@,t) determined by body accelerations 

8. F, some missile structural natural fre- 
quency 

9. Ky... servo stiffness or velocity constant or 


acceleration constant, e.g. determined 
by dish-missile coupling requirements 
or similar considerations 


10 | O,d¢ first approximation from missile de- 
* J} iancn Signer based on power requirements, 
supply pressure, volume and weight 

available and previous experience 


11. P.,P. | supply and exhaust pressures 

12. missile acceleration as a function of 
time 

13. launching temperature range 

14. in-flight temperatures 

15. flight time 

16. test time 

17. shelf life 


Fiz. 12 D.C. pre- 
cision tacho-gen- 
erator,  sensiti- 
vity 5, 16 or 
20 V/( 1000 rev/ 
min), linearity 
0-25% of ideal 
or 001% _ of 
maximum _ out- 
put, range 0O- 
3000 rev/min. 
Low ripple level. 
Weight 15 0z 





Naturally it is never quite as simple as this since 
most of these parameters cannot be finalized until the 
whole design is complete. Things like supply pressure 
must be a compromise between what the servo designer 
would like and what is practicable with the available 
means and circumstances of launch. Another important 
consideration is the spectrum of signal and noise levels, 
but this may not be known until the hydraulic system 
is already in use. 


Preliminary analysis 


On the simplest assumption of all-sinusoidal inputs, 
a number of relations can be used to deduce the neces- 
sary component performance. 

Consider the output and input signals in the flat- 
response (i.e. low-frequency) region (Fig. 14). 
As long as 6, ~ 6, and + is small. 


> 


T 
36 T 


=e (60) 
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and — = 6, (61) 
T 
: wh (62) 
360f 
= 2xfO.(/360f) (63) 
Also Ky ——— Oss ~ Oo = 360f = « L (64) 
Ess € od bd 
and ¢ = 3607 or 300 (65) 


Vv 


Fig. 13 M.I.G. 

floated rate inte- 

grating gyro 
G.G.49 





Applying equations 62 and 63 to items 2, 4 and 5 of 
the specification will determine ¢/f. Hence eq. 65 fixes 
Ky. This value may not be enough to meet the coupling 
requirement 9. It may be necessary to cut off the 
response with a filter to avoid the missile structural F,, 
requirement 8, or some other local resonance. This filter 
is bound to introduce some low-frequency lag and may 
have to be further compensated by raising the basic 
¢/f of the servo. Thus the low-frequency phase shift 
per cycle per second is specified and once the overall 
transfer function for the design is arrived at this will 
determine the loop gain. 





























Fig. 14 Input and output jack-position signals in the flat- 
response band 


Evidently, no step input in 4, which exceeds emax 
will be permissible. 

The jack design is governed by conditions 1, 2, 3, 
6, 7, 10 and 11 of the specification. We have 


Prana 


x 





= 4, 66 
> 4, say (66) 

The fraction is determined as described earlier by 
the relative importance attached to linearity and effi- 
ciency, and by experience. In homing-head servos the 
load is primarily inertial and the emphasis is on not 
losing the target at any price: P, /Ps would be kept 


max 
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Fig. 15 Approximate undamped 
natural frequency versus maxi- 








mum flow rate for various mis- 





sile servo-valves (proportional 
and not heavily underlapped) 





1 Bendix A27A with mechanical feed- 
back (ref. 25). 2 Hydraulic Research 
No. 6 with mechanical feedback 
(ref. 25). 3 Bendix A4S5A with mech- 
anical feedback (ref. 25). 4 Lear- 
Romec 5214 single-stage spool vaive 





(ref. 25). 5 Bendix A8A with mechani- 
cal feedback (ref. 25). 6 Moog Series 
21 and 31, latter with mechanical 
feedback (Dowty catalogue DE/18/1/ 
CM/259/BW, M catalogue 310). 
7 Bendix HRB. 8 Moog Series 32 with 
mechanical feedback (catalogue 310). 
9M Series 22 ( a Dowty 
DE/19/18M/259/BW). 1 Elliott 
waa) stage three-way (cata- 
= = 1l Bendix HRA. 
lc Hyareulic’ Research Mod. 
13. Vickers Spacemaster (ouege 
SE98). 14 Hydraulic Research Mod. 2! 
15 Sperry (Brentford) two-stage spool/ 
spool; now industrial only (catalogue 
773B). 16 Hobson 276 and 17 Hobson 
319 single-stage (ref. ‘ Control,’ Aug. 
1959, p. 91). 18 Askania-Kearfott— 
90° phase shift only (ref. ‘ Control 
Engineering ", Aug. 1958, p. 93. In 
all but Nos, 1, 3—6 incl. and 8—10 
incl., the flow is reduced to the value 
for 1000 Ib/in? by applying the square- 
root law only. Natural frequency is 
assumed to vary very little with pres- 
sure. In pressure-compensated valves 
it actually varies as (1 +Py/P-)'/*. 
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low. In wing and fin servos aerodynamic torque is a 
predominant feature and the luxury of a small Pm, /Ps 
is out of the question. Additionally a too rapid response 
could damage the missile. Since Ps is predetermined 
largely by practical considerations, P,, is now fixed. 
The load equation is 

Me”, =P. D, in the simplest case 


max 


ad (67) 
or 
T(9,t) a= Prny,2m More generally 
From this D,, is roughly fixed. 
If it is now assumed that the parasitic volume v be- 
tween servo-valve and jack is minimized, then 
V = 0. Da. v= 0 (68) 
Referring to eq. 59, C, in this case is zero. Thus 


eq. 51 may be used, giving 


2KDm \! 
i 
Mo... ) 
for an equal-area jack. If the jack is a comparable 2 


differential-area type, then V and D,, are both doubled 
and the same value ©, is obtained from 


‘sri 
Mé, max 


If C, were not zero, it would be introduced into eq. 
51 readily enough. 

Taking the jack damping ratio ¢, as 0:2, we now have 
the principal delay in the servo loop, that of the actu- 
ator, completely specified. 

Turning now to the steady-state flow equation, take 

Qmnax = D9" ones + 10% 
The latter allowance will ensure that a good response 
is easily achieved by the servo-valve with little friction 
and at no great expense. 


(69) 


$ 
(70) 
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Maximum flow rate for 1000 Ib/in* a across valve, adie 







Added stiffness 
to feedback 


Lines of constant spool configuration 
when flow forces are relatively small 
(Qmex is modified by changing stiffness 
of main spool springs only, with constant 
driving force. Applicable to proportional 


— . eee 





Stiffness of springs 














From this and Fig. 15 it will be possible to estimate 
a likely frequency response for the servo-valve. Single- 
stage valves operated by any motor akin to the Laws 
relay are usually lightly damped, with a damping ratio 
of say 03 to 0°5. An amplifier with high output-im- 
pedance will ensure that the response has a second- 
order t.f. Two-stage valves with flapper pre-amplifiers 
are usually more heavily damped, with damping ratios 
in the range 0°5 to 1 and second-order characteristics. 
Servo-valves are so specialized a product, and such a 
wide range of proprietary valves is now available, that 
it can be assumed that the servo designer will take this 
t.f. * off the shelf.’ 

For requirement 10 





*impact * impact 
Qinmax 
, 
Q,,dt oa | 6 0 | de 
~*~ launch ~ launch 


applies to an equal-area actuator and the 2:1 differ- 
ential type requires the factor 4 in front of the second 
term on the r.h.s. 

It will also be necessary to check for the simultaneous 
occurrence of high values of 6’, and P,, (or 4, if 
C, # 0) as a result of the missile programme. The 
check for saturation conditions then ensues on Fig. 5. 
When assessing P,, in this context, the assumption that 
Ps is constant and P, zero is far from valid. Pipe losses 
due to viscosity at low launching temperatures and due 
to boost acceleration cut down Ps and raise P, by very 
substantial amounts. 

This completes the design sequence. The more far- 
reaching check-analysis which must precede manufac- 
ture will be on the same general lines. In passing 
straight to the practical testing, which can only be dealt 
with shortly, a very long gap will now be bridged. 


To be continued 
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THE ROYAL SOCIETY AND THE ACADEMY OF SCIENCES OF 
the U.S.S.R. have been arranging the exchange for short 
periods of specialists in a number of fields. The purpose 
of these exchanges has been to enable the specialists 
to lecture in the host countries—Great Britain and the 
Soviet Union—and in return the visitors have made 
contacts and gained some idea of the state of their art 
in the country foreign to them. These exchanges are 
mutually beneficial in overcoming the delays caused by 
time, space, and differing language, and it is to be hoped 
that the scale of these contacts will increase in the future. 


lvahnenko 


Professor A. G. Ivahnenko, of the Institute of Elec- 
trotechnics, Kiev, visited the United Kingdom under 
Royal Society auspices in the second half of March, and 
returned to his own country on 3 April. The Institute 
is in the Department of Technical Sciences of the 
Academy of Sciences of the Ukraine, and Ivahnenko 
directs a laboratory devoted to research on automatic 
control. This laboratory carries out basic studies for the 
Institute of Automation, which is also in Kiev. The 
Department was visited briefly by an I.E.E.-British 
Council team in May 1959.* There is some reference 
to the work on automatic control on page 56 of the 
team’s report.** 

Professor Ivahnenko holds other posts, teaching in 
the Department of Electrical Engineering in the Kiev 
Polytechnic Institute, and he is Deputy Editor of Avto- 
matika, a learned journal devoted to instrumentation 
and automatic control and published (in Ukrainian) by 
the Ukrainian Academy of Sciences. He is 47 years old, 
married to a geologist, and has a daughter aged eleven. 
To her we may owe the delivery in English of the three 





* See conrROL, Dec, 1959, p. 102 ff. 


** Automatic Control in Soviet Industry, available from the B.C.A.C., c/o 
Institution of Electrical Engineers, Savoy Pl., London, W.C.2. 
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Back and forward 


by G. M. E. WILLIAMS, B.sc., A.M.1.E.E. 
Northampton College of Advanced Technology 


A visiting Soviet lecturer argues the 
case for mixing feedforward with feed- 
back in more refined control systems 


lectures given by her father in this country, for her 
proficiency in it has encouraged him to improve his 
own, and this he has shown to be not inconsiderable. 

It was a pleasure to be host to this good-natured man. 
Confusion nevertheless 

His facility in the English language did not remove 
all uncertainties in the inter-communication of ideas. 
Some English terms were found to be used in Russian 
(and Ukrainian) with different or restricted meanings. 
Enquiry among some of those who heard him lecture, or 
who spoke to him directly, has produced conflicting 
views. These range from statements that the work 
described in the lectures is not new to British investi- 
gators—or, at any rate, not supported by examples of 
applications—to a belief that, although the underlying 
idea was considered in this country before 1939 and 
discarded, Ivahnenko has evolved a more general 
approach than has appeared before, and that this alone 
is a major contribution. Certainly, at one of his lectures, 
most of the audience were mistaken in thinking that the 
general control systems he described were confined in 
application to phenomena with some self-regulation. 
The visitor is also reported to have shown in conversa- 
tion a strong antipathy for transistors and a preference 
for thermionic valves, but one would like to pursue this 
point and see whether the emotion was felt with regard 
only to a particular application. If the latter was the 
case it might be justified; but, as with many other 
similar matters that crystallized too late for them to be 
raised with Ivahnenko in person, the lesson is that 
much more opportunity and time are urgently needed 
to satisfy both the Russians and the British about the 
facts of thinking and acting on automatic control in the 
the two countries. The first International Congress of 
I.F.A.C., which is to be held in Moscow in midsummer, 
will doubtless repair some of the deficiencies. 
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It is not proposed to give here more than a brief 
review of the three papers that were presented by Pro- 
fessor Ivahnenko during his visit; they merit more 
detailed treatment than time and space now permit, and 
it is important to remove as much as possible of the 
confusion that lingers among those who heard or met 
the lecturer. This requires study of the extensive bibli- 
ography that he quoted, most of it (as one would expect) 
from work published in his own country, but also cover- 
ing some thirty publications (mostly American) outside 
the Soviet Union. Articles on his work, and upon the 
so-called theory of invariance, are planned to appear 
in later issues of CONTROL. The theory of invariance 
was published by Professor G. V. Schipanov in Moscow 
in 1939, and does not seem to be widely known in 
Britain, but it was frequently drawn upon by Ivahnenko 
in his papers. 

Before proceeding to the papers themselves, it is 
worth noting the Professor’s estimate that he does not 
spend more than about a third of his time on adminis- 
tration, for he has staff to relieve him of such duty as 
far as possible. This is a different situation from the 
quite common British one, where a man of equal senior- 
ity would be fortunate to have more than a third of his 
time free for purely scientific or technical work. It is 
perhaps unwise to draw broad conclusions from this 
one example, but Professor Ivahnenko has been active 
in his present post in Kiev for less than a decade, and 
he has been a prolific author of papers, particularly in 
the last two years. One cannot help noting this in rela- 
tion to his comparatively light administrative occu- 
pation, and suggesting that here is another lesson to 
learn from his visit. 


The three jectures 


His three lectures were entitled: 1. Principles of the 
general theory of combined control systems; 2. Com- 
bined cybernetic (adaptive and learning) control systems; 
3. Applied research in the field of combined control 
systems of the Automatic Control Laboratory of the 
Ukrainian §.S.R. Academy of Sciences. These are the 
author’s translations of the titles, and appeared some- 
what differently in use in this country. For example, the 
second title was quoted as ‘Control systems with adap- 
tive and learning features’, and the third as ‘ The work 
of the Automation Laboratory of the Ukrainian Insti- 
tute of Electrical Engineering’. The word cybernetic 
was one of several of which the precise meaning in 
Russian or Ukrainian is not yet established. One Eng- 
lishman’s interpretation, given at Imperial College 
before the delivery of lecture 2, was repeated before 
lecture 1 was read at Northampton College (this oddity 
of order will be explained in a moment), but the author 
then objected and said that the significance of the term 
was quite different. The lecture given at Imperial Col- 
lege was the visitor’s first public speaking engagement, 
‘and it was only when he began that it became known 
that the three lectures were prepared for delivery in 
the order quoted above, with the later ones resting on 
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the earlier ones. Consequently, a hurried treatment of 
the essentials of lecture 1 had to be given before lecture 
2 could be presented. The first of the series was in fact 
given last in the order of delivery. It would be helpful 
in future if the usual practice of circulating abstracts or 
proofs in advance were followed. This, coupled with 
an adequate allowance of time after the lecture, would 
improve the standard of discussion. As it was, some 
useful questions and points were put. Lectures 1 and 
2 were delivered twice and lecture 3 once during 
Ivahnenko’s tour. 


General theory 


The lecture on Principles of the general theory of 
combined control systems concerned the properties of 
systems which have been the centre of interest at the 
author’s laboratory. The paper began with a remark to 
the effect that conventional studies of control systems 
were confined to the behaviour of feedback systems 
using the * by-output’ (i.e. function-of-output) principle. 
Combined systems could and often did use feedback 
control, but they embraced feedforward (i.e. “open-loop’) 
control—the ‘ by-disturbances’ principle—as well. In 
passing, the author stated that in some fields of appli- 
cation there had also been extensive study of open-loop 
control alone. His own work was upon the combination 
of feedback and feedforward in control systems, and the 
consequent ability to solve problems which were not 
satisfactorily soluble by the application of feedback 
alone. Examples of such problems were: 

1. In which systems, by what means, and under what 

conditions could system error be eliminated? What were 


the frequency responses of suitable systems? What was the 
meaning of ‘ complete error elimination’ in physical terms? 


2. In arriving at a system completely free from error, was 
the need for a compromise between system stability and 
stiffness in the feedback portion removed? In which sys- 
tems did the need for this compromise vanish? 


3. Did the choice of feedforward characteristics interact 
with the choice of characteristics of the feedback link, and 
vice versa? 

4. If ‘complete error elimination’ was not practicable, how 

could error be minimized? 

5. In what ratio had feedback output power to be reduced 

when feedforward was also used? 

To answer these questions was to make some progress 
with aspects of the very general and still unsolved prob- 
lem: how does one best choose the elements to manipu- 
late in designing a system for optimum results (e.g. pata- 
meters or non-linearities, structure or codes of im- 
pulses)? 

The theoretical basis of the general theory of com- 
bined control systems was Schipanov’s theory of invari- 
ance, and even in the author’s own country this was 
not well known.* The theory classified the conditions 
of stability as they were disclosed by considering the 
coefficients of the equations of motion. An example of 
such a class was the state we termed ‘conditionally 





* It is imteresting to note that, according to a report in ‘Avtomatika (4. 1959, 
pp 89-94), a conference on this theory was held recently in Kiev and attended 
by over 200 delegates. 
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stable’. The lecturer described types of combined sys- 
tem relative to each class of condition of invariance, 
which led him to the conclusions that: 
(a) Total elimination of error could be achieved, under 
specified restrictions, by the use of combined systems. 
(b) The compromise referred to under 2 above was not 
eliminated for a particular class of invariance condition 
called ‘ absolute‘ because some system stiffness was re- 
quired for all disturbances, 
(c) The choices of feedforward and feedback characteristics 


were not interrelated—they were ‘orthogonal’—under speci- 
fied restrictions. 



































































(d) By the application of the theory of invariance, system 
error could at least be minimized. 


(e) Feedback-loop power depended on the efficiency of the 
feedforward links. When they could be realized, combined 
systems were more economical in power consumption than 
other control systems for the same purpose. 



























(f) Combined systems gave greater flexibility to the designer 
of automatic controls than did the purely open-loop or 
closed-loop techniques. 







Adaptive and learning systems 

Combined cybernetic (adaptive and learning) control 
systems, the second lecture, was concerned with some 
theoretical and design work on extremum (i.e. self- 
optimizing) types of controller for such applications as 
the regulation of the steam:fuel and air:fuel ratios in 
steam-raising plant and elsewhere, e.g. in the chemical 
industry. This work relied on combined-control-system 
technique as sketched in the first lecture. 

There were nine variables of any adaptive system, 
explained the author, which might be manipulated to 
give the desired system performance. For such systems, 
with a single ‘ figure of merit’, there could be ten forms, 
yielding ninety possibilities. Clearly this number ex- 
ceeded the bounds of what could be covered in a single 
address, and it had already been shown in the lecturer’s 
book Engineering Cybernetics that each possibility 
could be realized. 




























as developed theoretically in the first lecture for.simpler 
unadaptive control systems, could with some modifica- 
tions be applied to adaptive systems, and particularly 
extremum systems of the kind with only one ‘figure of 
merit’ to be optimized. The author set out to establish 
this point theoretically for the auto-hunting kind of 
control, and went on to discuss on-off types and cross- 
and auto-correlated extremum systems when there was 
noise with the signal. He proceeded next to the relative 
insensitivity of different systems to noise disturbances, 
and to the choice of a system for practical use. After 
dealing with an example of a mining skip-hoist, with 
extremum control for varying load, friction, and other 
conditions affecting the motion, he made the point that, 
for many purposes in industry, unadaptive controls were 
useless and only extremum systems could be considered. 

A variety of methods of providing adaptability in a 
controller was dealt with by manipulating different vari- 
ables in unison or separately, and the lecturer illustrated 
this with a number of examples from furnace control, 
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The main point was that combined control systems, . 





transport movements, passenger loading, and so on. 
He ended with some references to the biological models 
that were suggested by extremum controllers, particu- 
larly in complex interconnexions, stating forthrightly 
that: 
The possibility that man should create the conditions for 
a complex self-controlled process, thus giving rise to a 
system more capable of learning than the brain of its 
creator, cannot be excluded. There is no principle (as in the 
case of a perpetual-motion machine) which denies this 
possibility. 
All systems of control, no matter how complex, were 
based on two principles. (i) open-loop, and (ii) closed- 
loop techniques. Application of (i) required at least 
some knowledge of the mathematical description of the 
controlled object, but this was not essential for (ii). 


Use in industry 

The last lecture, Applied research in the field of 
combined control systems of the Automatic Control 
Laboratory of the Ukrainian §.S.R. Academy of Scien- 
ces, was concerned with the application of combined 
control systems to industrial problems. The first example 
given was of the advantages of combined control in the 
steady-state regime for an induction-motor speed con- 
trol. The motor used a special non-linear rotor in one 
form, and voltage and current feedbacks were applied to 
the machine. This made possible speed-ranges of 5:1, 
obtainable with the low-speed efficiency still about 20% 
and with the starting torque up to 1-6 times the rated 
torque. The system had been used in the chemical and 
textile industries and in furnace stoker drives. Another 
example was that of a saw-feed speed control in which 
a stiff response was required. This was obtained by 
negative feedback of motor voltage and positive feed- 
back of the current of the three-phase machine, without 
using a tachogenerator. After describing other electric- 
motor controls, the lecturer dealt with a regulator for 
the annealing of moving copper wire, cathodic protec- 
tion of structural metal and pipelines, speed control for 
river craft, control of the alkalinity of power-station 
feed-water, control of hydraulic coal-winning equipment, 
and an excitation regulator for alternators. 

To show the use of the advantages of combined con- 
trols in the dynamic regime, the author described servo- 
mechanisms controlled by derivatives of input, numeri- 
cal control of a milling machine, and position control 
of a welding head for joining the seam of metal pipe. 
In this last example the gain was varied to adapt con- 
trol. There was considerable use of magnetic amplifiers 
in the many cases illustrated. 


General impression 

Whereas the first lecture was compact and well 
defined in scope, in the second Professor Ivahnenko was 
dealing with more detailed and complicated aspects, 
problems of which some were not yet solved. The 
second lecture was therefore less clear-cut in its message, 
but it was nevertheless an up-to-date display of the 
thoughts and problems of the author and his colleagues. 
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THE RIVER DOVE WATER SCHEME, 
officially opened on April 9 this year, 
has been designed to supply water 
from an intake on the River Dove 
to a reservoir some twenty miles away 
in the Leicester area, and to distribute 
this water over Leicestershire and Rut- 
land. The functions of four pumping 
stations incorporated in the scheme are 
co-ordinated by a comprehensive re- 
mote control and telemetering system 
supplied by Standard Telephones and 
Cables Ltd. 

As shown in Fig. 1, two of the 
pumping stations and a water treat- 
ment plant are situated approximately 
eight miles from the intake, adjacent 
to the site of a proposed reservoir. 






pumping station 


These two stations are the extraction 
pumping station, which will ultimately 
deliver water from the proposed reser- 
voir to the treatment plant, and the 
high lift pumping station, which de- 
livers from the treatment plant to the 
outgoing main. At present the scheme 
is working, at less than its final planned 
output, with the intake pumps feed- 
ing directly to the treatment plant. 
The concentration of equipment in 
the neighbourhood of the treatment 
plant made it desirable to control the 
scheme from this point. Standard 
Telephones and Cables Ltd., designed 
a telemetering system which presents 
all the required information from the 
four pumping stations at a central 
control desk, from which all the neces- 
sary control signals can be transmitted. 
Signals to and from the two local 
pumping stations are transmitted on 
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Extraction 
pumping station 


CONTROL IN ACTION 


direct wire systems. The signals for 
the two remote stations use pulse- 
modulated signals carried on Post 
Office lines. For the booster station, 
the system is relatively simple, and is 
based on a mains-derived a.c. supply 
used as a carrier for superimposed 
control and telemetered information. 
Signals for this station comprise only 
a common start/stop control for two 
pumps and continuous metering of the 
total water flow. 

The arrangements for signalling be- 
tween the control desk and the intake 
pumping station are more complex, 
but nevertheless all signals are carried 
on two 2-wire P.O. circuits. Outward 
signals from the pumping station use 


Smiles Smiles 
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Fig. 1 Layout of River 
Dove pumping scheme 


one pair of lines, and inward control 
signals use the second pair. Outward 
signals are of three types: (1) contin- 
uous transmissions of the readings of 
a number of measuring instruments 
for the flow, level and pressure of 
water ; (2) continuous transmissions of 
signals giving pump loads and speeds ; 
(3) two-position type signals showing 
which items of equipment are running, 
the availability of supplies, and alarm 
conditions. Fig. 2 shows schematically 
the numbers and types of signals being 
transmitted. 


Continuous indications 

The initial measurements, from 
which the telemeter signals are de- 
rived, originate from various types of 
measuring elements. Basically, the 
method of transmission used is to con- 
vert each signal to an interrupted tone. 





Telecontrol for River Dove Water Scheme 


Multiple meter readings and control signals transmitted on four 
Post Office lines between pumping station and control centre 


The actual value of the measured vari- 
able is represented by the rate of in- 
terruption, or pulse frequency, of the 
tone. The true frequency of the tone, 
which is in the voice frequency range, 
is peculiar to measurements from a 
particular measuring instrument, and 
can thus be recognized by frequency 
discriminators at the receiving end of 
the P.O. line. After being ‘ recognized ’ 
by the discriminator, the signal is re- 
converted to d.c. to operate the appro- 
priate indicator on the control desk. 

Pulse rates are classified as either 
‘fast’ or ‘slow’, the range of the 
measured variable being represented 
by pulse frequencies between 0 and 20 
per sec. or between 0 and 66% per min. 
respectively. Both rates are used in 
this installation. Fast rates require one 
frequency channel for each signal and 
give virtually instantaneous response 
at the receiving instrument, and are 
consequently preferred for signalling 
responses to control action at the con- 
trol desk. Slow pulse-rate signals give 
a slower response, but if necessary 
may be made to share a frequency 
channel. Advantage is taken of this 
facility for the transmission of level 
and pressure indications from the 
intake pumping station, as a slight 
time-lag in the registration of these 
variables is of no consequence. 

Initial measurements for this part 
of the telemetering system are obtained 
from instruments supplied by George 
Kent Ltd. The variables measured are 
pumping rate, river and sump levels, 
and delivery head. At some future 
date it is proposed to include the mea- 
surement of river flow. Besides trans- 
mitting to the telemetering equipment, 
these instruments supply the required 
local indications, records and summa- 
tions of the variables. Signals at this 
stage are d.c. voltages, which are con- 
verted to corresponding pulse-rates by 
S.T.C. Telemeter Sender Units before 
being transmitted on the appropriate 
frequency channel. 

A typical signalling sequence, that 
of pumping rate, is illustrated in Fig. 
3. The rate of flow is detected as a 
differential pressure between the pres- 
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snalling Room. The d.c. output from the Tele- — pyump-motor circuits. The current 
he con- meter Receiver Unit operates a suit-. taken by each of these meters drives 
ls give | ably calibrated milliammeter on the a slotted disk at a rate proportional 
cessary =f control desk. ‘ a 
quency | - o ae ae eee A take pumping station via the tele- 
; i source an otocell arrange- : i i 
aaa Pump signals a across the slotted disk outta cnet tei — cn Pee 
a _At present the intake pumping sta- — current pulses at a rate proportional ‘supply available’ indicators and ‘eal. 
m_ the tion contains one variable-speed and —_— tq the motor load. After amplification a ll ti m 
}_ slight two fixed-speed pumps, all of which these pulses are transmitted on indi- preg mea Sedientions 
f these are eventually to be duplicated. Con- vidual frequency channels ——- : : 
. tinuous indications of load are taken : seat transmitted only when . change in 
us part from all three pumps, and a speed = Two-position signals = > the ra ae Sn 
btained indication is taken from the variable- Eighteen indicator lights on the con- ae . eppllec tbe. aa 6 raphe a re 
George speed pump. The speed indication is trol desk are operated from the in- OS ee ee ree oe 
red are incoming supply fails, a normally en- 
» levels, ; ' gaged relay is released and triggers an 
future electro-mechanical scanning switch. 
1e mea- This switch scans the eighteen indi- 
5 trans- cated functions in turn. The informa- 
ipment, Recorder/ PO line ESI tion is transmitted to the control room 
equired onmeaiiiar och i in code form, and, after decoding, 
summa- pulses ) she operates a similar scanning switch dis- 
at this tributing signals to the corresponding 
ire con- indicator lights. 
‘ates by 
- before Control signals 
ropriate wena Signals from the control desk to the 
eee Sitadiiee intake pumping station are all push- 
ce, that button operated. Twelve frequency 
in Fig. Sa : J, ites channels are used, each capable of 
ed as a SSSSS= rmgin= Fig. 3 Typical measuring signal channel, showing the sonal diti 
one SSS various stages of the pumped-water flow signal signalling two conditions. These con- 
1€ pres- Dall tube between the Dall tube and the control room indicator ditions are represented by frequencies 
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differing by + 30c/s from the nom- 
inal frequency of the channel. 
Operation of the push-buttons at 
the desk changes over the contacts of 
telegraph-type relays in the Control 
Sender Unit, and produces the 60-c/s 
shift in the corresponding channels. 
Each push-button signal results in a 


frequency-change on three channels, 
the combination being peculiar to a 
particular push-button signal. For 
speed control of the variable-speed 
pumps, the ‘increase’ or * decrease’ 
control button is held down until the 
required change of speed is effected. 
CONTROL understands from Mr. Hal 


Wallhouse, Engineer and Chief Exe 
cutive of the River Dove Water 
Board, that operational experience in 
dicates that the planning work by his 
own staff, and the expenditure on the 
remote control equipment, will be 
amply repaid in giving maximum con- 
trol with minimum manpower. 


Automatic control improves boiler efficiency 


THE INTRODUCTION OF THE KELVIN 


Hughes system of automatic boiler 
control at Strathclyde Hospital, Scot- 
land, has provided an overall increase 
in boiler efficiency of 6°3%, and steam 
production costs have been reduced, 
in spite of a considerable increase in 
steam demand. With manual control, 





the ratio of steam generated per pound 
of coal burnt averaged 8-471Ib, the 
boilers operating at an average effi- 
ciency of 70-4%. With automatic con- 
trol, however, the average has im- 
proved to 9:291b, and the efficiency 
to 76°7%. 

The heaviest steam demand is by 
the hospital laundry ; this load tends to 
be heavy and fluctuating, making the 
maintenance of optimum steam pres- 
sures by manual control most difficult. 
This sometimes resulted in unsatisfac- 
tory laundering, necessitating a repeat 
of the calendering cycle. Now that 
steady steam pressures are maintained, 
this difficulty has been overcome, giv- 
ing an efficient calendering cycle, and 
permitting a shorter working period. 
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Scottish 


A reduction of 4% in the cost of steam 
per pound of clothing laundered is 
one result of steady steam pressures. 


Steam plant 

The boilerhouse installation consists 
of two Ruston and Hornsby ‘ Ther- 
max ’ Super Economic boilers rated at 


Fig. 1 (left) One of 
the automatically- 
controlled _ boilers 
with control panel 
(right) at Strath- 
clyde Hospital 


Fig. 2 (below) Gen- 
eral arrangement of 
boiler control-sys- 
tem, showing air- 
flow control 


Steam header 
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F.D. motor 
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Stoker 
motor 


hospital gets cheaper steam 


6000 lb/hr at a working pressure of 100 
lb/in?, fitted with Bennis chain grate 
stokers. Both forced and induced 
draught are employed. The water feed, 
by two Wier pumps each of 8000 Ib/ 
hr capacity, is automatically controlled 
by Ronald Trist boiler-water level con- 
trols. 

The instrumentation consists of 
draught gauges, circular-chart re- 
corders for recording flow and pres- 
sure, CO, indicators, temperature indi- 
cators, and strip-chart instruments for 
recording both CO, and temperature. 


Automatic control installation 

The control equipment comprises a 
master steam-pressure controller, two 
combustion controllers and two 
stoker-speed controllers, these being 
fitted in a panel on the wall adjacent 
to the front of the boilers (see Figs. 1 
and 2). 

Changes in steam pressure are sensed 
with the aid of a pressure-controller 
connected to the main steam header 
and are transmitted as electrical im- 
pulses to the combustion controllers 
which regulate the coal and air feed 
to each boiler. These impulses posi- 
tion the output shaft of a servo motor. 


Master pressure 
controller 












Legend ; 
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and this carries twin cams which 
govern the flow of fuel and air respec- 
tively. The stoker motors are d.c. 
operated, and are regulated by a feed- 
back from the armature, so forming 
the closed loop speed control shown 
diagrammatically in Fig. 3. 

Airflow control is complicated by 
the necessity for maintaining a pres- 
sure slightly lower than atmospheric 
in the combustion chamber. This is 
done by so phasing the damper opera- 
tions that the induced-draught damper 
leads the forced-draught damper on 
increasing loads. Under conditions of 
increasing heat-demand, a step-by-step 
cycle of damper adjustment is initi- 
ated, the induced- and forced-draught 
dampers being operated intermittently 
until the system balances. 

Conversely, on a decreasing heat- 
demand, the forced-draught damper 
operates first. Adjustment of the dam- 
pers over the full range of draught 
takes 30 seconds. 

Switches on the combustion con- 
trollers enable the operator to change 
over to manual control when remov- 
ing ash, or starting up or shutting 
down a boiler. The controllers are ad- 
justed so that the boilers share the 
load: this was done on initial commis- 
sioning and no further adjustment 
should be necessary. 


FCONTROL IN ACTION 









Fig.3 Feedback from 
the armature pro- 
vides closed-loop 
speed - control of 
stoker motor 


Operational analysis 

The coal, which is obtained locally 
and is known as * Woodhall Dross’, 
costs on average £4 12s. a ton, and 
has a nett calorific value of about 
12,780 B.t.u./Ib. 

Over a period of seven months 
(June to December) the figures for 
manual operation were: water evapor- 
ated per pound of fuel, 8-47 lb; boiler 
efficiency, 70°4%. 

Over a corresponding seven-month 
period in the following year the figures 
for automatic operation were: water 
evaporated per pound of fuel, 9-29 Ib ; 
boiler efficiency, 76°7%. 

The use of automatic control has 


Combustion controller 
. servo motor 


Moving coil 





Manual 
control 





0. Cc, 
stoker 
motor 


thus increased the efficiency of the 
boilers by 6°3%, and fuel savings over 
the seven months amounted to about 
101 tons. At £4 12s. a ton, this repre- 
sents a saving of £464 12s. over this 
period — approximately half the cost 
of the control installation. 

In addition to this saving, the ser- 
vicing of steam mains (comprising 
about a mile in total length) has been 
negligible. This is due to the main- 
tenance of a constant steam pressure, 
and the elimination of water hammer 
in the steam mains. Furthermore, dur- 
ing the period of automatic operation 
the average steam-load on the boiler- 
house was increased by 600 Ib/h. 


Remote control at Royston oil depot 


A RECENTLY-COMMISSIONED SHELL-MEX 
and B.P. storage depot at Royston, 
Hertfordshire, employs remote control 
to a greater extent than any previous 
similar installation in this country. The 
installation includes a control and 
indication system, by Evershed and 
Vignoles, which allows routine opera- 
tions to be carried out from a control 
station adjacent to the tank compound, 
with over-riding control from a remote 
panel in the manager’s office. The re- 
mote panel, which is some 300 ft from 
the compound, incorporates a mimic 
diagram with indicators and warning 
lights which give an overall picture of 
conditions in the tank compound at 
any time. 

The function of the depot is to 
provide storage for a variety of fuels 
and lubricating oils, delivered by rail 
and awaiting local distribution by 
road. Ten tanks, which are used for 
fuels only, are served by the Evershed 
control system. 

The operation involves filling from 
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railcars and supplying road tankers. 
For filling, a pump and inlet valve for 
each tank are operated from the local 
control station. These operations are 
indicated on the remote panel by 
lights, and, if necessary, an over-riding 
signal may be sent from the panel to 
close the inlet valve. The level of the 
fuel in each tank is continuously indi- 
cated at the remote panel, and both 
visual and audible alarms are given 
if the level approaches its upper limit. 
The visual alarm is a flashing light 
on the panel. This, ‘and the audible 
alarm, may be cancelled manually, 
but a continuous light remains on 
until the alarm condition is cleared. 
The quantities to be supplied to 
individual road tankers are pre-set on 
Wayne  positive-displacement _ type 
meters. These meters incorporate an 
automatic valve which cuts off the 
flow progressively as the pre-set quan- 
tity is approached, so avoiding hydrau- 
lic shock. Printed tickets for each 
operation, showing the quantity 


passed, are also provided by the 
Wayne meters. Outlet pumps are con- 
trolled from the local station, and 
master outlet valves from the remote 
panel. Both these and the inlet valves 
are electro-pneumatically operated. 


Remote indications 

Continuous indications of the level 
and average temperature of the fuel 
in each tank are given at the remote 
panel. These measurements are 
obtained from Evershed precise tank 
gauges and average temperature 
gauges respectively. 

In addition to these continuous 
indications, lights on the remote panel 
show the positions of the inlet and 
master-outlet valves, and which pumps 
are running. 

CONTROL understands that, although 
this installation might be considered 
only as an intermediate stage in the 
development of a fully-centralized 
control system, it has proved to be 
very satisfactory in practice. 
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A monthly review—under basic headings—of the latest control 
engineering developments for all industries; specially edited for busy 
technical management, plant and production engineers, chemical en- 
gineers, etc., who are not specialized in instrument and control systems 


IDEAS APPLIED ... 


... to TEMPERATURE 


Refinements 

technique 
Two difficulties associated with direct- 
deflexion type temperature indicators 
used for two-step control are (1) lack 
of power in the meter movement to 
operate control-circuit contacts and 
(2) excessive hunting caused (as with 
any other two-step control) by time- 
lag in the response of the plant. 

Interesting features are incorporated 
in Metrix Instruments’ new ‘ Metra- 
watt’ indicator-controller to deal with 
these difficulties. 

Control action is initiated by a small 
aluminium flag on the measuring 
pointer which, at the control point, 
enters the air-gap between the coils 
of an oscillator circuit. This action 
brings about the action of the on/off 
control relay by means of the circuit 
shown diagrammatically in Fig. 1. 
When the flag enters the air-gap, oscil- 
lation is interrupted and excitation of 
the transformer in the transistor cir- 
cuit ceases. The coil of the control 
relay, which is in series with the 
secondary of the transformer and a 
rectifier, is thus de-energized. 

This sequence of operations is re- 
versed when the flag leaves the air-gap. 
The control action is thus achieved 
without mechanical complication or 
load on the instrument movement. 

The effects of plant lag may be 
diminished by the thermal feedback 
system illustrated in Fig. 2. The prin- 
ciple of the system is that the time at 
which the ‘on’ or ‘off’ action is 
initiated is advanced by feeding a 
small e.m.f. into the measuring circuit 





in two-step control 
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in series with the thermocouple. Dur- 
ing the part of the cycle in which the 
temperature is above control point, 
the injected e.m.f. is in opposition to 


M 


Fig. 1 Method of initiating the control 


action 


the e.m.f. of the measuring thermo- 
couple. The value of the injected e.m.f. 
increases steadily with time from the 
time at which the control action re- 
duces or switches off the heating power 
to the plant. The effect of this e.m-f. 


fb! 


Fig. 2 Thermal feedback circuit to 
reduce effects of plant lag 


is to advance the time at which the 
power is again switched on. A similar 
injected e.m.f., but assisting the ther- 
mocouple e.m.f., advances the control 
action on the half of the cycle when 
the temperature is below control point. 

The thermal feedback circuit used 
to inject the correcting e.m.f. consists 
essentially of the two thermocouples 
B and C, their respective heating ele- 
ments X and Y, and contacts on the 
main control relay arranged to ener- 
gize these heating elements in turn. 


When the temperature is above con- 
trol point, current is taken by the heat- 
ing coil X. An e.m.f., increasing with 
time and opposing that of the measur- 
ing thermocouple A, is generated by 
thermocouple B. The result is to re- 
turn the measuring pointer to the con- 
trol point ahead of the true tempera- 
ture, and advance the time at which 
the plant heating supply is switched 
on. A shunt resistance controls the 
amount of feed-back, and has to be 
adjusted to suit the plant. 

A criticism of the system might be 
that movement of the measuring 
pointer by injecting an e.m.f. means 
that the true temperature fluctuations 
are not accurately indicated. This is 
possibly not important where the prime 
function of the instrument is to pro- 
vide close control. 


4+. to LEVEL 


Determination by hunting probe 
An accuracy of the order of 0-001% 
of full scale reading, in one application, 
is claimed for a liquid-level detecting 
device for which the U.K.A.E.A. holds 
patent rights. 

The principle of the equipment is to 
cause a probe, which is remotely posi- 
tioned by a d.c. motor, to approach 
and finally contact the liquid surface. 
Contact with the surface completes a 
circuit which reverses the d.c. motor, 
and hence the direction of motion of 
the probe. When contact with the sur- 
face is broken, the motion is again 
reversed, and the probe continually 
hunts about a mean position represent- 
ing the true level of the liquid. The 





CONTROL May 1960 
































ET RTI A ty No TRS 





ntrol 
busy 
I en- 


tems 


> con- 
- heat- 
y with 
easur- 
ed by 
to re- 
e con- 
npera- 
which 
itched 
ls the 
to be 


tht be 
suring 
means 
ations 
‘his is 
prime 
) pro- 


VEL 


be 

001%, 
cation, 
tecting 
. holds 


it is to 
y posi- 
proach 
urface. 
letes a 
motor, 
ion of 
1e sur- 

again 
inually 
resent- 
1. The 





1960 





ORES MEST OS LOL IRE S05 A SES AIO NEI 


Ee NN i i RT 


response of the circuit used is such 
that the amplitude of the oscillations 
is only a few thousandths of an inch. 
The motion of the probe can there- 
fore be transmitted, via a damping 
device, to a dial indicator giving an 
accurate level reading. 

The main components are the probe, 
comprising a platinum point contact 
suspended from a stainless steel wire 
wound on a drum, a thyratron, and a 
split-field d.c. motor. With the probe 
out of the liquid, operation is started 
by a manual switch energizing one 
section of the motor field. The probe 
is driven into the liquid. On mak- 
ing contact, a circuit is completed 
which fires the thyratron, and energizes 
the second section of the field. This 
field section opposes the first section 
and carries double the current, so that 
rotation of the motor is reversed. The 
probe is raised clear of the liquid, and 
the whole sequence repeats. 

The indicator is driven from the 
rotating drum, and is geared to make 
complete revolutions for relatively 
small level changes, a second dial giv- 
ing the number of revolutions. 

The method is almost independent 
of the nature of the liquid. It is suffi- 
ciently sensitive to be used with de- 
mineralized water, which is not nor- 
mally regarded as a conductor. A total 
resistance between the contact and 
earth of up to 20 MQ can be toler- 
ated. 


A possible application might be to 


provide fine control in water-moder- 
ated reactors, where the power level 
depends on the depth of water in the 
core. 


...- to SIZE 
Thickness inferred from speed 
A method of measuring the reduction 
in thickness of steel strip passing 
through rollers has been developed by 
B.I.S.R.A. It depends on a compari- 
son between the speed of the strip be- 
fore and after rolling, the speeds being 
inversely proportional to the respec- 
tive thicknesses. Relying on a photo- 
electric principle for the measurement 
of the speed, the method has the 
advantage that there is no physical 
contact between the measuring device 
and the strip. 

Two photocells are sighted on two 
illuminated spots on the strip at a 
known distance apart, the spot centres 
being on a line parallel to the direc- 
tion of motion of the strip. Small irre- 
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gularities in the light reflected from 
the strip surface give rise to a certain 
pattern in the output of the first 
photocells. After an interval of time, 
depending on the speed of the strip, 


a similar pattern appears in the second 
photocell output. 


In order to find the time interval 
between the occurrence of the pattern 
on the two outputs, the output of the 
first photocell is delayed, on a tape 
recorder or otherwise, and added to 
the second output. The time delay is 
then varied until the combined output 
is a maximum, which will occur when 
the patterns coincide. The known 
delay time is equal to the time taken 
by the strip to travel the distance be- 
tween the two light spots. By this 
means the speed on one or both sides 
of the rolls can be calculated, and the 
thickness ratio determined. 


... to PRESSURE 


Accurate remote pressure indication 
Electrical remote indication of signals 
from pressure-sensitive measuring ele- 
ments is commonly obtained by 
balancing a mechanical force derived 
from the element against an electro- 
magnetic force derived from the signal 
current. A device produced by B.P.A. 
Electronics balances the force of the 
pressure-sensitive element against the 
mechanical moment of a weigh-beam. 
The position of an adjustable weight 
on the beam is set by an electrical 
servo-system. The servo-system also 


Fig. 1 
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positions one or more remote Indica- 
tors, and it is claimed that signals may 
be transmitted by this arrangement 
with accuracies of the order of 0-02% 
of full scale deflexion. 

The pressure differential being mea- 
sured is applied to the two capsule 
stacks, shown in Fig. 1, and displaces 
the weigh-beam. For measurement of 
absolute pressure, one of the stacks 
is evacuated and sealed. The displace- 
ment is detected by a differential- 
transformer displacement-transducer 
mounted at one end of the beam. The 
output from this transducer corres- 
ponds in phase and magnitude to the 
displacement. This signal is fed to a 
control unit, consisting of an ampli- 
fier and a phase-conscious rectifier, 
which controls a split-field motor-gen- 
erator. A transmitter driven from the 
motor-generator operates repeater 
motors on the weigh-beam and on the 
remote indicators. 

The repeater on the weigh-beam is 
geared to the leadscrew which carries 
the balance weight, and drives the 
weight in the appropriate direction to 
restore balance. The travel of the 
weight, and hence the number of revo- 
lutions of both repeater motors, is 
directly proportional to the pressure 
difference registered by the two cap- 
sule stacks. 

Emphasis in this design has been on 
accuracy rather than response time. 
Applications are expected to be mostly 
in research, in such fields as turbine 
engineering and wind tunnels. 


Schematic diagram of pressure transmission system 
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PEOPLE 


IN CONTROL by Staffman 


The reorganization of the Smiths- 
Kelvin Hughes group continues apace. 
G. B. G. Potter, Managing Director 
of Smiths Aviation, Marine and In- 
dustrial Divisions, will now further 
concern himself with the direction of 
the collective research and engineering 
facilities of the Division. I gather that 
the idea is to bring the various re- 
sources of the several Divisions under 
one authority, the better to co-ordinate 
aviation systems engineering and the 
more complex instrument projects. K. 
Fearnside becomes Director of Re- 
search and Engineering of Smiths 
Aircraft Instruments, and is directly 
responsible to Potter for that company. 
G. G. Roberts, who remains Technical 
Director of Smiths Aircraft Instru- 
ments, will assist Fearnside in his new 
appointment. These changes apart, the 
companies will function as before. 





POTTER 


research 


McGLYN 
quality 


H. McGlyn, who has been appointed 
quality control engineer at West 
Instrument’s Brighton factory, is the 
representative of the Engineering 
Equipment Users’ Association on the 
B.S.I. Committee for the graduation 
of instruments. An ex-Ministry of 
Supply and I.C.I. man, he was at the 
latter’s Central Instrument Laboratory, 
Pangbourne, concerned with the devel- 
opment of special equipment for experi- 
ments in automatic control and with 
the evaluation of instruments. 

Semiconductors’ new Chief Applica- 
tions Engineer is J. W. Ringrose who 
will take charge of their Applications 
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Laboratory which is being expanded. 
Ringrose was seconded from the 
British Rayon Research Association to 
Birkbeck College, London, to work on 
electronic digital computers. He joined 
Plessey as a Senior Development 
Engineer in 1951, and worked on 
digital systems, computers and com- 
mercial data-processing problems. Lat- 
terly he has become more and more 
concerned with the application of 
transistors. 

P. A. Charman, who has been 
appointed Sales Development Manager 
of Semiconductors, will, I gather, be 
responsible principally for dealing 
with the technical aspects of custo- 
mers’ needs, especially in their long- 
range planning. 

I was interested to hear of the elec- 
tion of M. L. Jofeh, Manager of 





RINGROSE FALKNER 
application sales 
Sperry Gyroscope’s Industrial Divi- 


sion, as an additional Director of the 
company. Jofeh joined Sperry in 1947 
as an Equipment Engineer, and headed 
the engineering unit at Sperry’s Stone- 
house (Glos.) factory for a number 
of years. In early 1954 he returned to 
Brentford as Deputy Chief Engineer 
and later became Chief Engineer with 
responsibility for the design of all new 
equipment. He became Manager of 
the newly-formed Industrial Division 
in January 1959, when Sperry dis- 
closed plans covering the extension of 
activities into the field of industrial 
control systems and instrumentation. 
Appointed General Sales Manager 








of Sperry Gyroscope’s Brentford Divi- 
sion, R. I. T. Falkner, has a special 
responsibility for marine and aircraft 
equipment. An ex-member of the 
Royal Navy—he has a master’s ticket 
—Falkner has been concerned with 
navigational aids and communications, 
and has been with E.M.I., Pye and 
Plessey. He tells me that the ultimate 
in marine automation must be that the 
master of a vessel should have com- 
plete control from the bridge, all rele- 
vant navigational and other data being 
presented to him at that point. 





OFFORD 
on the board 


WILLSHER 


Having joined Honeywell Controls 
in 1949 and been successively, Joint 
Works Manager, Works Manager and 
General Manager of Honeywell's 
Newhouse (Lanarkshire) factory, C. H. 
Offord has been made a director of 
the company. A member of both the 
Society of Instrument Technology and 
the Instrument Society of America, he 
has served on several S.1.T. com- 
mittees. 





John F. Willsher, Works Manager 
of George Kent, who has recently 
been appointed to the Company’s 
Board, tells me that much of their 
forward thinking nowadays is devoted 
to electronics, although pneumatics 
can by no means be dismissed as of 
negligible importance. He feels that 
the decision whether to use electrical, 
pneumatic or a combined system de- 
pends entirely upon the nature of the 
job. * The modern trend towards elec- 
tronics does, however, give rise to the 
problem: where are the new skills re- 
quired to maintain these black boxes 
coming from?’ 





The Editor tells me that he was 
highly delighted by Stafford Beer's 
crackling lecture on ‘ Automation and 
Uncertainty’ before the British Com- 
puter Society last month. Beer, who is 
head of Operational Research and 
Cybernetics at United Steel Compan- 
ies Ltd., has gone to Illinois University 
for a Symposium on organizing sys- 
tems sponsored by the U.S. Navy 
Department. Only thirty world experts 
have been invited to this Symposium. 





‘Instrumentation has got to be 
brought down to earth’ according to 
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L. W. (Laurie) Farey, who is now 
senior instrument engineer in the Engi- 
neering Division of Mobil Oil’s Cory- 
ton refinery. Farey’s ex-chief, R. G. 
Hill, has taken up a similar position 
with Esso Petroleum at Fawley. Farey 
tells me that he feels strongly that 
‘every installation must be judged on 
its economic merits alone and _ this 
applies to computation as well as to 
conventional control ’. 





I hear from H. M. Whitcombe, Sales 
Director of R. B. Pullin, that his 
Board have agreed to strengthen his 
sales force. J. R. Turrill, who is now 
General Sales Manager directly re- 
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Basil Clarke (Polaris fired, page 139) 
saw the first underwater firing tests of 
Polaris in the Atlantic. He has been 
an aviation journalist and broadcaster 
since 1932 and wrote, inter alia, 
‘Atlantic Adventure’ (Allan Wingate, 
1958), the first complete history of 
Atlantic flying. He is now working on 
a history of airships for Herbert 
Jenkins, which accounts for his pre- 
sence in a U.S. Navy ‘ blimp’ during 
the Polaris tests. Clarke is also Deputy 
Editor of Machine Age, one of 
CONTROL’s sister publications, which 
will first appear in June. 


D. K. Hill (Automating the glass 
industry, page 140) was educated at 
Bingley (Yorks) Grammar School and 
the University of Manchester where 
he obtained his first degree in 1938 
and Diploma in Education in 1939. He 
then joined H.M. Forces, serving with 
R.A.O.C. and R.E.M.E. on radar and 
telecommunications. Later, with the 
Ministry of Supply, he studied the 
behaviour of electronic equipment and 





HILL 


components under a variety of con- 
ditions. He was appointed lecturer in 
the Dept. of Glass Technology, Shef- 
field University in 1947 and obtained 
the degree of Ph.D., as a result of 
werk on the optical absorption and 
Magneto-chemical behaviour of a 
group of unusual glasses. When the 
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sponsible to Whitcombe, will have four 
specialist sales managers under him: 
I. H. M. Campbell, motors and servo 
components; R. W. Jelbart, thermo- 
stats; A. Wolstencroft, sub-contracts 
and special products; G. B. Jeffery 
(Technical Manager), control systems. 


A. J. P. Martin is no longer Director 
of Research of Griffin and George. 
having expressed to the Chairman of 
the group, K. G, Sinclair, his desire to 
concentrate in future primarily on 
fundamental research work. Martin’s 
deputy R. C. Palmer succeeds him as 
Director of Research. I gather, how- 


glass industry formed its own research 
association in 1955 he was appointed 
Deputy Director. Dr. Hill is interested 
in both fundamental work on glass 
as a material and applied research in 
industry. In the last connexion he has 
worked on the application of instru- 
ments and controls to different aspects 
of the very complex processes used in 
glass making and shaping. 


R. A. Morley (co-author with M. B. 
Wood of Computer process control, 
page 144) graduated in mathematics 





MORLEY 


from Cambridge University after war- 
time service in the Far East. He then 
spent five years on servo and general 
system studies with Bristol Aircraft 
before joining the Wythenshawe 
(Manchester) department of Ferranti 
in 1955. There, he has worked on 
guided weapon systems, and is now 
responsible for the industrial applica- 
tions of the Argus digital process 
control computer. 


D. H. Roberts (Solid state relays and 
switches, page 153) graduated in phy- 
sics from Manchester University in 
1953 and then joined Plessey’s Cas- 
well Research Laboratories. He is now 
with the same company, engaged on 
semi-conductor research as Group 
Leader of the materials and devices 
section. Previous work has been con- 


ever, that Martin will in future act as 
Consultant to the G. & G. Group. 


[| hear from R. W. Pringle, Chair- 
man of Nuclear Enterprises (G.B.), 
that Ronald S. Stiff has joined them 
as Sales Manager. This appointment 
is part of the company’s plan to quad- 
ruple its size during the next two 
or three years. Pringle tells me that he 
intends touring the U.S.A., and that 
Stiff will make a similar tour of Europe 
later in the year. Stiff was with Fer- 
ranti for twelve years and, more re- 
cently, with Bruce Peebles as Chief of 
Sales, Electronics Division. 
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cerned with indium-antimonide infra- 
red detectors and Hall effect devices. 


G. M. E. Williams (Back and forward, 
page 163) describes himself as being 
‘in the early forties but well pre- 
served, and preceded on the paternal 
side by four generations of instru- 
ment makers.’ He graduated at Lon- 
don in physics and mathematics. His 
first job was concerned with insula- 
tion in heavy electrical engineering, 
but this was interrupted by the war. 
After the war he was with the Govern- 
ment Scientific Service until 1955, 
when he joined the Technical Division 
of the Production Engineering Group. 
Four years later he was appointed to 
his present post as Head of the 
Department of Production Technology 
and Control Engineering at the 
Northampton College of Advanced 
Technology. 


N. G. Meadows (Graphical techniques 
for control systems, page 179) studied 
part-time at Bristol College of Tech- 
nology while employed by the 
Admiralty as a design draughtsman on 
fire-control projects. A full time 
course in Technical Teaching at Gar- 
nett College followed, qualifying him 
for a lectureship in Power Engineer- 
ing at Twickenham Technical College 
from 1952 to 1955. He then entered 
industry as a patents engineer, and 
carried out technical liaison between 
the head office and works of Redifon, 
being concerned with flight simulators 
and electronic controls. Leaving 
Redifon in 1956, Meadows took up 
his present post at Wimbledon Tech- 
nical College, where he has been 
largely responsible for the initiation 
and organization of courses for 
N.H.C. students and graduates in con- 
trol systems and analogue computers. 
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ONTROL has played its part 
( in drawing attention to 

Soviet progress in the field 
of automation, but there is a dan- 
ger that the lay public—and some 
technical men—will be propelled 
by Russian rockets into an exagger- 
ated awe of Russian ability every- 
where. Over Easter I saw in one of 
the popular dailies a prominently 
displayed front-page story quoting 
the latest scientific revelation from 
Pravda. ‘ By rocket into the next 
century,’ announced the headline, 
but it was only the celebrated clock 
paradox of Einstein all over again, 
dressed up in space travelling 
clothes. While we should give pro- 
per credit to achievement, there is 
no call to regard the Russians as 
scientific supermen. I have heard 
first-hand reports in the last few 
weeks, for example, indicating that 
the Soviets are well to the rear in 
computery. On the other hand, 
they are shooting ahead in mechani- 
cal translation. 


try spent about £300m on 

research and development in 
1958, compared with about £190m 
in 1955. I read this estimate in a 
D.S.LR. survey, Industrial Research 
and Development Expenditure 
1958, published last month. The 
outlay represents 4:2% of manu- 
facturing industry's contribution to 
national production, compared with 
31% in 1955. 95% of the £300m 
was spent in industry’s own estab- 
lishments, and about 5% was paid 
to outside bodies such as co-opera- 
tive research associations, univer- 
sities and other public and private 
research institutions. The main ex- 
penditure was in aircraft (£100m), 
electrical engineering (£64m) and 
chemicals (£43m). 

These figures are based on the 
distribution of qualified r. & d. 
men as estimated from an M.L.N:S. 
survey in January 1959. The 
D.S.LR. has tried to discover how 
the cost of employing a qualified 
worker on research and develop- 
ment has changed since 1955. The 
Department’s findings, described in 
the report, show (not very surpris- 


Bu» manufacturing indus- 
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ingly) that this cost varies greatly 
from one industry to another. The 
average cost of a qualified worker 
for all manufacturing industry was 
nearly £11,000. In the case of the 
aircraft industry the figure was 
nearly £31,000 and the average for 
manufacturing industry other than 
aircraft was just under £8000. In 
1955 the cost of a qualified worker 
was £5600, an increase of 43%, of 
which 14 or 15% can be attributed 
to rising prices and incomes. It is 
interesting to compare these figures 
with the one given at a recent 
I.Mech.E. meeting (see pp. 102- 
104 of last month’s issue); it was 
said there that an engineer to-day 
needs £1000 spent on him every 
year—for things like computers— 
to make his work productive. 


of my colleagues reports last 

month’s I.E.E. Symposium on 
air-traffic control. The usual battle 
seems to have flared up between 
those who fear and those who 
favour control by computer. In 
another article this month (Morley 
and Wood) I see a reference to 
computers as a means of easing 
congestion in road traffic. For my 
part, I think that the inefficiency of 


Foti cot in this issue one 





transport has risen so much that 
the country simply must cut 
through to a solution quickly. That 
means that we can’t afford to rely 
only on radical measures like rub- 
bing out existing roads and starting 
again, or building vast new airports 
all over the place. Automation in 
the handling of travellers is as nec- 
essary as in the handling of other 
materials, and computers will cer- 
tainly be called for at some stage 









in the game. Certainly machines 
are liable to make mistakes and to 
break down, but so are human 
beings, and we have probably 
reached the cross-over position at 
which the fallibility of the man is 
the greater. 

Not completely on the point, but 
perhaps not quite irrelevantly, I am 
reminded of a recent visit I paid to 
an unfamiliar part of London. 
Walking along a side street I came 
to a road junction. Two signs 
greeted me, one on the roadway 
and the other on a post beside it. 
The notices were brief and free of 
excessive verbiage, as road signs 
should be. No exit, said one; No 
entry, added the other. I suppose 
computers could be just as silly as 
this, but somehow I think I should 
resent it less than if responsible 
human beings were at fault. 


significant new non-dimen- 
sional number—the coefficient 
of accessibilitance. This, readers may 
remember, is the ratio of actual-to- 
ideal accessibility of knowledge in 
a community. I was led to think 
about this sort of thing again the 
other day when I had to go into a 
book shop to buy a child’s gift. 
This done, I found myself brows- 
ing among the technical shelves, 
and toying with the idea of buy- 
ing. Suddenly I was struck with an 
oddity of my own (and perhaps 
some other people’s) psychology. 
A technical journalist’s is a 
mixed lot, but one advantage he 
does theoretically have; that is, 
the possibility of seeing new books 
before they are passed to reviewers. 
With the lapse of years, however, 
he tends to become oblivious of 
the stream of literature swirling 
past: there is so much of it! In fits 
of enthusiasm he tries sampling 
techniques, but he soon loses hope 
of keeping pace with everybody. It 
is of course impossible to cover 
completely a broad band in to-day’s 
technological spectrum. The specia- 
list’s life is easier in this respect 
because, with his small frequency- 
range, he can keep abreast of most 
of the published information. In 
principle, I agree that total specia- 
lization is an evil thing, but it is 
becoming harder and harder to 
avoid. General reading in leisure 
hours (supposing them to exist) is 
the usual specific, and I suppose 
that some such prescription in my 
subconscious mind made me want 
to buy in a book shop what I would 
probably have left unopened in the 
office. 


Sse months ago I reported a 
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NEWS ROUND-UP 


a cnc TS OI a aiesccase 
Blue Streak abandoned 


The British i.r.b.m., Blue Streak, has 
been abandoned officially, and apart 
from some slight chance of its use as 
a space vehicle, and a much greater 
chance of its use as a political weapon, 
we should hear little more of this ill- 
starred, if mnilitarily-justified, pro- 
gramme. This will be a bitter blow to 
the teams built up by the commercial 
firms involved in the development of 
the project, and it is to be hoped that 
the greatest efforts will be made to 
keep these teams in being; once dis- 
persed, the individuals concerned will 
be wary of government contracts and, 
it has been suggested, even consider 
seriously the superior status that the 
scientist and technologist is supposed 
to have beyond our borders. 


Why ? 

The reasons for the decision to 
abandon the British ballistic missile 
are fairly obvious and, we would sug- 
gest, connected mainly with cost. The 
project has to date cost £65m, a figure 
that may well increase to £100m, or 
more, before the taxpayer has finally 
finished with his commitment. In all, 
at least £500m would have been neces- 
sary before we had an efficient wea- 
pon. 
The military reasons for its aban- 
donment are not quite so simple. It is 
a liquid-fuelled device, with all the 
tactical problems inherent in such a 
design, and it needed ‘hard’ bases. 
Recent military thinking appears to be 
to the effect that even hard bases 
would be vulnerable to a saturation 
nuclear attack. Yet another reason sug- 
gested, is that the operational life of 
the V-bomber force has been extended 
by the development of improved navi- 
gational and jamming systems, so pro- 
viding time for a successor to Blue 
Streak to come into being. 


What next ? 

With Blue Streak discarded, the V- 
bomber force must carry the nuclear 
responsibility until the next stage. Blue 
Steel, the Avro stand-off, or powered- 
bomb, although not yet operational, 
is expected to take over until the 
Americans are able to let us have 
Skybolt. The latter is an aircraft- 
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launched two-stage ballistic missile of 
some 1000 miles range—it is said— 
which is expected to go into (Ameri- 
can) service in late 1964. The US. 
State Department has, in fact, said ‘ It 
is our understanding that the need by 
the United Kingdom is not immedi- 
ately urgent. . . .’ On the face of 
things, Skybolt does appear to be the 
most suitable weapon from the eco- 
nomic standpoint, and militarily unex- 
ceptionable. The fact that it is air- 
launched is also in its favour, for 
suitable launching aircraft exist at 
present. Furthermore, if it becomes 
necessary to develop new aircraft to 
carry the weapon, this may well be, 
of itself, in the national interest. A 
combined transport-bomber could 
have potentialities in the civil field. 

The alternative to Skybolt is also 
American. This is Polaris, the sub- 
marine-launched missile Basil Clarke 
discusses on page 139 of this issue. 
This weapon is in many respects pre- 
ferable to Skybolt, and is certainly in 
a far more advanced stage of devel- 
opment. However, the costs of the 
nuclear-powered (or even convention- 
ally-powered) submarines necessary 
for the proper deployment of Polaris 
would appear to place it out of court. 

The navigational problems are also 
formidable, although presumably these 
have been overcome. 

It need not, of course, be submarine- 
fired but no other method of launch- 
ing—ship, for example—can provide 
the essential mobility and security 
which we are persuaded is so neces- 
sary in nuclear warfare. 


sl 
D.H. Props make Pottermeter 


The Pottermeter, a ‘bearing-less’ flow- 
meter developed by the Potter Aero- 
nautical Co. of Union, New Jersey, is 
now being manufactured and mar- 
keted by de Havilland Propellers, and 
CONTROL saw the device demonstrated 
at Hatfield recently. This proved quite 
impressive, the device certainly ap- 
pearing to do all that is claimed for 
it. The unusual feature of the Potter- 
meter is that its rotor is forced up- 
stream against the flow being mea- 
sured, so that there is little or no 
friction and, in fact, no thrust bearing. 






from the world of control 





A venturi effect creates a differential 
pressure across the rotor, which acts 
in Opposition to the thrust caused by 
the flow. 

The Pottermeter is a by-product of 
missile research, and was briefly 
described by M. A. Perry in Trans- 
ducers for g.w. research (CONTROL, 
May 1959). The inventor is said to 
have conceived the idea while watch- 
ing a fish stationary in a fast-running 
stream. The de Havilland Propeller 
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A 6-in. Pottermeter installed in the 


Sun pipeline’ installation at Port 
Newark, U.S.A. 


company’s interest in the device stems 
from their requirement for a flow- 
meter capable of handling the noxious 
liquids used as fuel by their ill-fated 
Blue Streak. They approached their 
U.S. friends, Convair, and were re- 
commended to use Mr. Potter’s flow- 
meter. The present manufacturing- 
licence arrangement grew out of this 
use of the instrument by de Havilland. 


—MOTOR CARS-—— 
Quenching at Dagenham 


In the heat treatment of crown wheels 
and other gear parts at the Ford 
Motor Co., Dagenham, control of the 
quenching action on twelve Gleason 
machines is now performed automati- 
cally by Honeywell Electronik con- 
trollers, and the primary sensing ele- 
ment is their Radiamatic compensated 
radiation detector. The detectors are 
fitted vertically on the upper part of 
machine, the lens focusing radiant 
energy from the work-piece on to a 
radial assembly of thermocouples con- 
nected in series. 
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A distant continuous-balance con- 
troller is associated with each detec- 
tor. Immediately the work-piece is 
placed in the machine, the scale read- 
ing rises to about 1550°F; the scale 
reading falls as the work-piece cools 
to about 1510°F; a contact in the 
instrument then causes the work-piece 
to be moved horizontally and the 
machine cycle begins. The press can- 
not operate if a gear below quenching 
temperature is inserted. 

The three oil valves on the Gleason 
machine give oil flows on a 16in. 
machine varying from 40 gal/min to 
210 gal/min; on the 26in. machines 
the flow varies from 50 to 300 gal 
min. Once the controller has initiated 
the machine cycle, the timing is car- 
ried out within the machine. Accord- 
ing to Honeywell, these quench presses 
provide consistent quality 24 hours a 
day, and guarantee distortion-free 
operation, so eliminating scrap. 


—_——iith S882 Ais —— 
A question of handling 


At a recent two-day conference on 
materials handling at Willesden Tech- 
nical College under the auspices of 
the Willesden and Hendon Producti- 
vity Committee and the Institute of 
Materials Handing, the feeling emerged 
that if a mechanical handling system 
were contemplated, the manufacturing 
process must be viewed in its entirety. 
C. G. Chantrill (C. G. Chantrill & 
Partners) emphasized this point, say- 
ing that any production process begins 
with the supply of raw materials, and 
ends only when the purchaser is in 
possession of the finished article. 
Martin Brown (S.P.D. Ltd.) said that 
the first consideration must be an 
analysis of existing handling costs, 
which must extend backwards and for- 
wards from the area directly under 
consideration, since any change in a 
given part of a handling system may 
reflect changes throughout the whole 
process. In the same vein, C. H. Man- 
ners (Metal Box) suggested that the 
first questions to be asked should be 
what? why? where? when? and how? 
in other words the ‘ how?’ (i.e. what 
equipment is necessary?) should be 
the final decision at the end of a full 
and complete investigation of the over- 
all problem. E. J. Thomas (A.E.C.) 
remarked that if mechanical handling 
succeeds in speeding production, then 
electronic data-processing may be- 
come essential to keep information in 
step with production. 


DATA PROCESSING 
Computers galore 


As ever, computation and data hand- 
ling could easily form the bulk of 
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these columns this month, information 
having been released on Ferranti’s 
air traffic control computer Apollo, 
R.A.E.’s digital differential analyser, 
Corsair, the L.C.C.’s Eric (an IBM 650), 
and an A.E.I. 955 analogue computer 
for Ford, to mention but a few items. 


Apollo for a.t.c. 


Ferranti’s Apollo computer, the first 
of its type ever to be used for air 
traffic control experiments in this 
country, will go into operation at the 
Scottish air traffic control centre at 
Redbrae, Prestwick, early in the spring 
of next year. (See An unsolved prob- 
lem, page 182). Apollo, a high-speed, 
transistorized, parallel computer, will 
be used initially for processing flight 
information on an experimental basis. 

The Ministry of Aviation ap- 
proached Ferranti for a computer with 
which to experiment in order to in- 
vestigate the more efficient use of air- 
space by new air traffic control tech- 
niques and the use of smaller 
separation standards. Furthermore, the 
use of a computer should free the 
controller from a number of time- 
consuming routine tasks. 

The computer will print-out flight- 
progress strips relating to each air- 
craft, and provide up-to-the-minute 
information on air traffic conditions. 
It will also determine whether aircraft 
are in conflict and, if it is found that 
separation standards are being in- 
fringed, details of this will be printed 
out for the controller. The complete 
situation may also be shown pictori- 
ally to the controller. 

For processing flight information, 
the computer receives data from the 
local operators via four Creed 75 
printers with keyboards. The informa- 
tion will be sorted out in conjunction 
with the controller, and relevant infor- 
mation will be passed to the buffer 
store of the computer. Simultaneously, 
a record of what has been typed ap- 
pears on the printer associated with 
the keyboard, and, if the operator is 
satisfied, he presses a key on the key- 
board to cause the computer to trans- 
fer the information into the main file. 

Depending on the message, certain 
stored programmes are brought into 
action and data are processed and 
checked for conflict. If the informa- 
tion concerns a flight plan it is stored 
until the departure time is received. 
This information is then processed 
and flight-progress strips are printed 
out automatically on Creed 75 prin- 
ters. This is done according to a time 
criterion, so that the strips may be 
entered on a board in readiness for 
the entrance of an aircraft into the 
controlled area. 

Apollo incorporates a time-sharing 


facility which ensures that it can 
always be fully engaged even while 
peripheral transfers are taking place. 
Although operational programmes 
have priority, the computer can also 
be used for carrying out routine cal- 
culations and developing programmes, 


. and for US. a.t.c. 


An electronic computer for handling 
air traffic control problems began 
tests at the U.S. Federal Aviation 
Agency’s Experimental Centre in At- 
lantic City, New Jersey, on April 25. 

Designed and built by General 
Precision Inc. for the F.A.A., the in- 
stallation will provide a complete data- 
processing system capable of process- 
ing and printing, 1600 flight-progress 
strips and processing 440 aircraft flight 
plans in an hour. It can store a total 
of 1000 different aircraft-flight plans, 
and will be able to sequence the 
arrival or monitor the departure of 90 
aircraft an hour. 


London's Eric 


The L.C.C. have installed Eric—elec- 
tronic recording and integrating com- 
puter (or ‘electronic replacement for 
innumerable clerks ’)—an I.B.M. 650 
electronic data-processing system, at 
County Hall. Initially, Eric will be 
concerned with such large, repetitive, 
routine, clerical, time-consuming but 
essential, accounting tasks as payroll 
(40,000 monthly and 48,000 weekly), 
superannuation (25,000 contributors), 
costing (labour and materials worth 
more than £6m a year) and stores 
accounting (£12m a year). 

Eric is already calculating the 
monthly salaries and superannuation 
accounts of some 10,000 staff. Two 
inputs are employed at present: a 
tape input covers the permanent fea- 
tures of each individual’s salary, and 
punched cards feed in the varying 
monthly increments. 

Consideration is being given to the 
use of Eric for statistical analyses and 
operational research. 


R.A.E.’s Corsair d.d.a. 


Experimental work by the Royal Air- 
craft Establishment, Farnborough, into 
the application of direct-coupling tech- 
niques to transistors, has resulted in 
their building Corsair, a fully transis- 
torized transportable digital differen- 
tial analyser. Computers of this type 
deal with information of a continu- 
ously variable nature as normally 
dealt with by analogue machines, but 
have the greater inherent accuracy 
and versatility of digital techniques. 
The high-speed section of the ma- 
chine employs surface barrier transis- 
tors, by Semiconductors Ltd. in 
directly-coupled circuits which do not 
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Right Eric, an 
|.B.M. 650 data pro- 
cessing system for 
clerical work now 
installed in  Lon- 
don’s County Hall 


























require the usual coupling and limit- 
ing components, and operate from a 
single three-volt supply. Other sections 
employ Standard Telephones and 
Cables’ TK 20 bi-directional transis- 
tors. Information is stored in a core 
matrix which is programmed on a 
simple patch panel. The bi-directional 
characteristics of the S.T.C. transistors 
allow them to perform both ‘ reading’ 
and ‘ writing’ functions. 


Full use has been made of printed’ 


wiring and a packaged form of con- 
struction. 


AE. analogue for Ford 


An Associated Electrical Industries’ 
type 955 analogue computer is to be 
used by the (Birmingham) engineering 
research department of the Ford 
Motor Co. in the investigation of 
motor vehicle design. This investiga- 
tion will include problems connected 
with suspensions, engine mechanisms 
and thermal dynamics. 

The computer contains a total of 92 
computing amplifiers. Sixty of these 
are for linear transfers while the re- 
maining 32 are to be used in conjunc- 
tion with simple non-linearities such 
as limit and dead space, and with six 
20-segment function generators. Other 
non-linear units in the installation are 
six 5-gang servo-multipliers, and two 
high-speed Hall-effect multipliers. 


Two 609s for U.K. 


Two Panellit 609 information and 
computing systems have been com- 
pleted for customers in the U.K. It 
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Right: Corsair, an 
R.A.E.-built digital 
differential analyser, 
is fully-transistor- 
ized 


Left: Analogue com- 
puters loaned to 
Loughborough Col- 
lege of Technology 
for recent course 








will be recalled (these columns, Octo- 
ber 1959) that the 609 system is built 
up from the Elliott 803 transistorized 
digital computer and data-handling 
equipment supplied by British Panellit, 
a member of the Elliott-Automation 
group with American associations. 
One of the systems is due to be in- 
stalled in a Samuel Fox steel works. 
This will automatically decide the 
optimum positions for cutting steel 
billets to meet customers orders with 
the minimum of wastage. 

The other installation, the destina- 
tion of which is not yet disclosed, is 
for a high-speed temperature-scanning 
application. Operating from a tape 
programme, 450 thermocouple mea- 
surements will be scanned and logged 
every two minutes. The system will 
give warning if any measurement is 
outside permissible limits, or if the 
rate-of-change of temperature exceeds 
a predetermined figure. 


An optimizing computer-controller 


During a recent visit to Elliott’s 
Elstree works, CONTROL saw ‘Optimat,’ 
an optimizing computer. This device 
will deal with the sort of plant situ- 
ation where changes in uncontrolled 
variables, such as load, make it neces- 
sary to change the setting of indi- 
vidual control pointers in order to 
maintain optimum conditions. Opti- 
mat does this on a trial-and-error 
basis, making small changes in control- 
point settings and noting the effect— 
e.g. on output. If the effect is bene- 
ficial, a further similar change is 
made; if not, a different change is 
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tried; and by successive steps opti- 
mum conditions are _ eventually 
reached. 

The prototype CONTROL saw was 
designed to handle three variables and, 
even at this relatively low level of 
complexity, was understood to out- 
perform the human operator. It can, 
however, make a mistake if the re- 
sponse of the plant is such that the 
quantity it is trying to maximize has 
more than one maximum, as the high- 
est maximum will not necessarily be 
selected without some guidance from 
the operator. It is understood that 
Optimat is shortly to be applied ex- 
perimentally to a full-size plant. 


Analogue week at Loughborough 


A course in basic analogue-computer 
techniques was held recently at Lough- 
borough College of Technology. It 
was aimed mainly at those in industry 
or education who were contemplating 
the purchase of an analogue compu- 
ter, or those whose computers are 
working on a schedule too tight to 
allow practice-time. 

Of the fifteen people on the course, 
twelve were from industry and three 
from colleges. CONTROL was told that, 
provided the response is sufficient, a 
similar course might be held sometime 
next year. 

Analogue computers were loaned to 
Loughborough by (left to right in the 
illustration) Louis Newmark (Model 
3400), E.M.I. (Emiac), Elliott Brothers 
(Miniac), Saunders Roe (Miniputer), 
and Solartron (Minispace and Tutor). 


—8URCTRICITY- 
Another C.E.6.B. station 


CONTROL visited the latest C.E.G.B. 
station, Ferrybridge B in Yorkshire, 
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which has a total installed capacity of 
300 MW provided by three 100 MW 
turbo-alternators. Two of these supply 
power via 13°8/132kV_ transformers 
to standard lines, and the third via a 
13°8/275kV transformer to Monk 
Fryston Supergrid switching station 
some 2 miles away. This machine is 
connected to the 275 kV system and 
synchronized by remote control from 
the Supergrid station. 

Automatic controls by Bailey Meters 
are provided for steam pressure, com- 
bustion, fuel pulverization and feed 
water. The main (electrical) control 
room and one of the three boiler con- 
trol-rooms are shown in the illustra- 
tions. A feature of this station is that 


Control rooms at the C.E.G.B.’s_ re- 
cently-opened Ferrybridge B power 
station. Top, the main electrical control 
room; bottom, one of the three boiler 
control rooms. Each of the three 100 MW 
sets is governed independently 


the three sets are completely inde- 
pendent, each governed by its own 
control room. 


. and at Willington A 

Discussed in Control in Action in 
May 1959, the C.E.G.B.’s Willington A 
now has an instrumented water-treat- 
ment system designed to eliminate 
plant stoppages due to evaporator 
scaling or CO, corrosion. 

Controls, by Honeywell to C.E.G.B.’s 
specification, co-ordinate flow control 
and pH value so that the pH value 
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of water entering the evaporators is 
maintained at an optimum level. 
Water is initially softened by base- 
exchange, then dosed with a con- 
trolled flow of acid to decompose the 
bi-carbonate present. The acidified 
softened water is then fed to a de- 
gassing tower where free CO, is liber- 
ated. The degassed water, still con- 
taining a trace of CO, and a slight 
excess of acid, is then drawn off from 
the degassing tower sump and alkali- 
injected to a required pH before being 
pumped to storage tanks and thence 
fed to the evaporators. 

An orifice plate and differential 
pressure-transmitter measure the flow 
of water through the entire plant. This 
flow is recorded and integrated, and 
automatically controlled by means of 
a diaphragm control valve. Liquid 
level in the degassing tower is also 
indicated and controlled pneumatically 
with a diaphragm control valve. pH 
is recorded and pneumatically con- 
trolled for both stages of the treat- 
ment process. The method of control 
is novel in that flow and pH control 
are co-ordinated by the use of averag- 
ing relays. 

The rate of acid dosing is governed 
by the average of the signal from the 
liquid level controller (approximately 
proportional to flow) and the con- 
trolled air output from the pH con- 
troller. A second relay, manually ad- 
justable, allows the acid dosage rate 
to be varied to accommodate changes 
in the total alkalinity of the untreated 
town’s water. The acid dosing system 
can thus be reset to suit varying quali- 
ties of feedwater from different sources 
in the Derby area. The alkali dosing 
rate is governed by the average of 
the flow transmitter signal and the 
controlled air output of the second 
PH controller. The control system has 
been found to keep the pH value con- 
stant to within 0-2 pH. 


—MACHINE TOOLS— 
Ferranti-Bendix agreement 


An agreement has been concluded be- 
tween Ferranti and the Bendix Avia- 
tion Corp. for the sale in the U.S.A. 
of the Ferranti systems of machine 
tool control. These are the transistor- 
hydraulic continuous-path machine 
tool control equipment, numerical 
position control equipment and inspec- 
tion machines. 

Bendix—themselves machine tool 
control manufacturers—will market 
and service the British-built systems 
throughout the U.S.A., and set up a 
computer centre, initially in Detroit, 
to supply magnetic tapes for the equip- 
ment. 

Bendix 


apparently consider the 





Ferranti systems to be particularly 
well suited to the U.S. market because 
of their flexibility and economy for 
small as well as large engineering 
plants. The main feature of the 
Ferranti systems is, of course, diffrac- 
tion-grating measurement. 


SS kM DARDS 
U.K.-U.S. co-ordination 


Britain and the United States have 
begun to co-ordinate their time and 
frequency transmissions. Participating 
in the project are the Royal Green- 
wich Observatory, the National Physi- 
cal Laboratory, and the Post Office 
Engineering Department in this coun- 
try, and, in the United States, the US. 
Naval Observatory, the Naval Research 
Laboratory, and the National Bureau 
of Standards. 

The transmitting stations concerned 
are GBR (16kc/s) and MSF (2°5, 5 
and 10 Mc/s and 60kc/s) at Rugby, 
England, NBA (18 kc/s) Canal Zone, 
WWV (2:5, 5, 10, 15, 20 and 25 Mc/s) 
Beltsville, Maryland, and WWVH (5, 
10 and 15 Mc/s) Hawaii. 


IN BRIEF 


Transitron Electronic Ltd. has been 
set up at Bilton House, Uxbridge 
Road, Ealing, London, W.5, under 
D. P. O’Connell, to market the semi- 
conductors of Transitron Electronic 
Corp., U.S.A. The main European sub- 
sidiary is at Zug, Switzerland. 


Elcontrol’s output increased by 30%, 
during 1959, a factory extension has 
been completed at Hitchin, and a 
Special Products Division has been 
formed under G. S. Potter, to handle 
‘tailor-made’ control schemes. 


Guided missile range in the Outer 
Hebrides has control and instrumenta- 
tion by Ultra Electronics. This equip- 
ment, pre-packaged for immediate use, 
has now been flown to Benbecula. 


Vickers VC 10 jet aircraft are to have 
£700,000-worth of aircraft generation 
systems by Plessey, following a new 
licensing agreement between Plessey 
and Westinghouse Corp., U.S.A. 


Two university scholarships are being 
sponsored by Ultra Electronics: one is 
a two-year research scholarship for an 
honours graduate in engineering; the 
other is an undergraduate sandwich 
course. 


Sperry Gyroscope, U.S.A. (now 4a 
major division of Sperry-Rand) cele- 
brated its 50th anniversary in April— 
British Sperry will follow suit in five 
years time. 
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Frequency response plots : 


the Bode diagram 


The Bode diagram 


This comprises two plots, one of 
gain in decibels against logw, the 
other of phase against log w, where w 
is angular frequency. For an approxi- 
mate Bode plot, straight-line-segment 
approximations are used for the gain 
curve, the procedure being illustrated 
by reference to a phase-advance net- 
work and a servo system. 


Plot for phase-advance network 
The transfer function for a simple 
phase-advance network is 
€o 1+ joT 


ma it dlfesennatapmess wail 
€:  1+jAoT 


where A is the d.c. attenuation. The 
gain in decibels is given by 
G = 2 logu! = 
a 
€o {1+(AeT)}! 
% [1+(wT)}! 
.*. G=20 logwA +10 logw[1+(e7)] 
—10 logwl[1+(AwT))] ...3 
The first term on the right-hand side 
is constant in value, and is negative 
as A < 1. To plot the other terms the 
high- and low-frequency gain expres- 
sions are considered, and the gain 
plot for each term is approximated to 
by two straight-line segments. 
Let Gi = 10 logw[1+(w7))]. When 
oT < S G, = 10 logwl = OdB. 
When wT > 1, Gi = 20 logwwT. 
When w = 1/T, G, = 0. This value of 
» is termed the ‘breakpoint’ or 
‘corner ’ frequency. 
When w = 10/7, G: = 20dB; or, 
when w = 2/T, G: = 6dB. 
Hence, this term rises at 20dB per 
decade, or 6dB per octave from the 
breakpoint frequency, and is zero 
below this frequency. Let G: = 
—10 logw[1+(wAT)’). 
When w7 < 1, G: = 0. When wT > 1, 
G: = —20logwwAT. For w = 1/AT, 
G. = 0, and for w = 10/AT, G: = 
—20dB. Hence the gain curve for this 
term is zero up to the breakpoint 
frequency, w=1/AT, and falls at 20dB 
per decade or 6dB per octave there- 
after. Generalizing, a numerator term 
of the form 1 + jwa has a breakpoint 
frequency of w» = 1/a and the gain 
curve can be represented by a straight 
line on the zero dB axis to this fre- 
quency, followed by a line of slope 
+20dB per decade. A denominator 
term of this form will have an en- 
suing slope of —20dB per decade. 


where 
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Graphical techniques 
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for control systems—6 


As the plot is logarithmic, the over- 
all-gain curve is obtained by algebra- 
ically summing the separate gain- 
curves, as shown in Fig. 1 and 
exemplified by Eq. 3. The term 
20 logwA is conveniently considered 
by shifting the origin upwards a cor- 
responding amount, after summing the 
curves represented by G, and G:. 


Phase plot 


For the numerator term of Eq. 1 
the phase angle is ¢, = tan-'(w7) and 
for the denominator term ¢« = 
tan-'(AwT). As w > 0, dn and gi > 0 
and as w — ©, ¢ — +90° and 
¢« — —90°. At the breakpoint fre- 
quencies, ¢. = +45° and ga = —45°. 
An approximate phase plot can be 
sketched from these values, as shown 

Gain, dB 


“fl O-S 1-0 


Phase, deg. 
9° 









—45 


-90 








New origin corrected for 


20 log oA term 


N. G. MEADOWS 
Wimbledon Technical College 





mate data may be necessary, and is 
easily obtained by reference to tan- 
gent tables. Note that the phase 
curves are not zero at the origin (0) 
since w is not zero here. 


Plot for servo system 


As a specific example a Bode plot 
is illustrated for a system with an 
open loop transfer function 

° 2°5 


6 = jaf 1+jo/2)[1+jo/ 5) 
By inspection, the denominator terms 
have breakpoints at w = 2 and w = 5, 
while the numerator term is 20logw2-5 
= 8dB. The Bode diagram has the 
advantage of an expanded scale for 
the low-frequency data, and the low- 
est frequency of interest will be at 


1+ jwT term 


Log w 


100-0 


——— term 
1 + jwAT 







“ ie phemansttetone <ippepnaingene: dines 
6 MV... ; Log w 


Fig. 1. Bode diagram for phase advance network with transfer function 
e,/e;: = 0-1(1+jo/0°5)/(1+jo/5) 


in Fig. 1, the resultant phase curve; 
i.e. gx — ga being obtained by sub- 
tracting ordinates of the ¢. curve from 
those of the ¢, curve, at correspond- 
ing w points. The maximum phase 
advance and frequency at which it 
occurs can be estimated as shown in 
Fig. 1. The graph shown is plotted 
for A = 0-1 and T = 2 seconds. In 
practice a more accurate phase plot 
than is available from this approxi- 





the origin as the abscissa is logiw. In 
this example the lowest breakpoint 
frequency is w=2, and conveniently the 
origin is assigned at w = 0-1. This en- 
ables the term 1/jw to be plotted, the 
modulus being 1/w giving —20 logiw 
in decibels. When w = 0-1 this gives 
+20dB and when w = 1, zero dB, 
with a resulting slope for this term of 
—20dB per decade. The total gain 
curve is shown in Fig. 2, with the re- 
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sultant phase curve ¢. The term 1/jw 
contributes a constant lag of 90°, so 
that ¢ = —[90°+tan-!(w/2) 
+tan-!(w/5)]. 


Estimation of gain and phase margin 


Gain margin : this is the amount by 
which the gain may change before the 
frequency-response locus touches the 
—1 point on the Nyquist locus, and is 
associated with a phase angle of 180 
on the Bode plot, as shown at point 
A, Fig. 2. Drawing AB vertically to 
intersect the gain curve at B, and pro- 
jecting BB’ horizontally, gives the 
gain margin 0’B’. As this is negative 
the system is stable. 

Phase margin : this is the angle, mea- 
sured from —180° towards 0°, at 
which |6@./6|=1, i.e. 20 logw|@./e| = 0 
and is hence associated with the point 
D at which the gain curve cuts the 
logw axis. Drawing DE vertically to 
cut the phase curve at E and project- 
ing EE’ horizontally gives the phase 
margin A’E’. In this example the 
phase margin is about 20°, a low fig- 
ure which could be improved by 
reducing gain, assessed merely by dis- 
placing the logw axis, upwards for a 
decrease and down for an increase. If 
gain reduction is not tolerable, phase- 
compensation may be necessary. 
Errors: at the breakpoint frequency 
a term of the type (1+ jw7) or 
(1 + joT)! gives an actual gain of 
*3dB and this is the maximum error 
in the gain plot for such a term. Loca- 
tion of the 3dB point at the break- 
point frequency enables a more 
accurate gain plot to be drawn if 
desired, the curve ultimately running 
asymptotically to each of the straight 
line segments. 






LOOKING 
AHEAD 


Unless otherwise indicated, all events take 
place in London. B.C.S. British Computer 
Society, Brit. 1.R.E. British Institution of 
Radio Engineers, 1.E.E. Institution of Elec- 
trical Engineers, R.Ae.S. Royal Aeronauti- 
cal Society, S.1.T. Society of Instrument 
Technology. 1.Mech.E. Institution of Mech- 
anical Engineers. 


TUESDAY 3—FRIDAY 13 MAY 

Mechanical Handling Exhibition and Con- 
vention, Earls Court. 

WEDNESDAY 11 MAY 

Radio Guidance in the Automatic Landing of 
Aircraft by J. Shayler. 6.30 p.m. Brit.I.R.E 
Sixth Conference of Standards Engineers. 
Connaught Rooms. Organized by British 
Standards Institution jointly with Institution 
of Production Engineers. Tickets: Secretar- 
iat, I.P.E./B.S.I1. Committee, British Stan- 
dards House, 2 Park Street, London, W.1. 
Data Processing Section Annual General 
Meeting. 6.15 p.m. S.I.T. 

A Recording Stereocomparator by A. E. 
Adams. 7 p.m. S.I.T. 

WEDNESDAY 18 MAY 

Symposium on Electronic Equipment Relia- 
bility. Sessions at 10.30 a.m., 2.30 p.m. and 
5.00 p.m. LE.E. 

FRIDAY 20 MAY 

Servomechanisms and Electronic Engineers— 
the Present and the Future by M. James. 
7.00 p.m. Brit.1.R.E. 






180 


-40 


-60 


Phase, deg. 


—45 


—-90 


-270 


Gain, dB 
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Overall gain 
curve 


Fig. 2. Bode diagram for servo-system with transfer function 
60/6 = 2-5/(jol) + jo/2)[1 +jo/5)) 


MONDAY 23—SATURDAY 28 MAY ; 

Instruments, Electronics and Automation 

Exhibition, Olympia. 

TUESDAY 24 MAY 

S.1.T. Annual General Meeting. 6 p.m. 

Presidental Address. 7 p.m. R. S. Medlock. 

WEDNESDAY 25 MAY 

Discussion on New Semiconductor Devices 

and their possible Applications. Opened b 

A. F. Gibson and G. King. 5.30 p.m. LE.E. 

WEDNESDAY 1—FRIDAY 3 JUNE 

orem Society of America’s 6th National 
a on Instrumental Methods of 

y sis, Montreal. Information: Director 

of Technical & Educational Services, I.S.A. 

313 Sixth Ave., Pittsburgh, Penn., U.S.A. 


WEDNESDAY 8—FRIDAY 10 JUNE 

3rd Symposium on Gas Saeemanenaieeey, 
Edinb eee Details, L. Brealey, Boots Pure 
Drug Co., Nottingham. 


FRIDAY 10—SUNDAY 26 JUNE 
British Exhibition, Coliseum, New York. 


WEDNESDAY 15—WEDNESDAY 29 JUNE 

7th International Nuclear Congress and 
Exhibition on Electronics, Rome. Details: 
Secretariat 14 Via della Scrofa. 


SATURDAY 18—WEDNESDAY 29 JUNE 
S.I.M.A. Exhibition of British Scientific 
Instruments, Moscow. 


FRIDAY 24 JUNE—ERIDAY 8 JULY 
International Machine Tool Exhibition, Lon- 
don. 


MONDAY 27 JUNE—WEDNESDAY 6 JULY 
Moscow Congress for Automatic Contr . 
Applications: Hon. Sec. Group A, B.C.A.C., 
c/o I.Mech.E. 

MONDAY 4—THURSDAY 7 JULY 
2nd Conference of the 
Details: 
Leeds. 


B.C.S., _ Leeds. 
Miss D. E. Pilling, The University, 


THURSDAY 21—WEDNESDAY 27 JULY ; 
Third International Conference on Medical 
Electronics, Olympia. 


LOOKING FURTHER AHEAD 
MONDAY 15—SATURDAY 20 AUGUST 
11th Congress of the International Astronau- 
tical Federation, Stockholm. 
WEDNESDAY 31 AUGUST— 

WEDNESDAY 7 SEPTEMBER 
Annual meeting of the British Association 
for the Advancement of Science, Cardiff, 
S. Wales. 
THURSDAY | SEPTEMBER 
Joint Symposium on Rocket and Satellite 
Instrumentation. B.1.S. and S.1.T. 
MONDAY 5—SUNDAY I] SEPTEMBER , 
S.B.A.C. Flying Display and Exhibition, 
Farnborough. 
TUESDAY 13—THURSDAY 15 SEPTEMBER 
5th International Instruments and Measure- 
ments Conference and Exhibition, Stock- 
holm. Details: AB Anders Beckman, 
Smalandsgatan 2, Stockholm. 
WEDNESDAY 21 SEPTEMBER— 

SATURDAY 1 OCTOBER 

International Factory Equipment Exhibition, 
Belle Vue, Manchester. 
WEDNESDAY 19—WEDNESDAY 36 OCTOBER 
Interkama International Congress and Exhi- 
bition for Instrumentation and Automation, 
Diisseldorf. 
SUNDAY 12—FRIDAY 17 JUNE 1961 
Conference on Components and Materials 
used in Electronic Engineering. Central Hall, 
Westminster. 


WEDNESDAY 4—THURSDAY 12 ucTOBER 1961 
Second Electronic Computer Exhibition and 
Symposium. Details: D. C. Scoones, Peat, 
94-98 Petty 


Marwick & Mitchell & Co., 
France, S.W.1. 





CONTROL May 1960 








FAST ACTION RELIEF 
FOR DESIGN HEADACHES 


y 
n Medical 


; 


ae Semiconductors fast switching 
ial MA393 Microalloy ‘Transistor 


Association 


e, Cardiff, has these advantages 


d Satellite 
: om Minimum fosc of 40 Mc/s 
Exhibition, rs Tomy 50mA continuous current rating 
os af rn Minimum HF of 20 (I¢c=50mA, VCcE=1 volt) 
Bog se Typical saturation voltage of 200mV at 50mA 
Beckman, Junction temperature only 20°C above ambient when 
Se a bottomed at 50mA 
1 ocr 7 Low, controlled hole-storage factor 
Reverse base-emitter voltage rating of 5 volts 
Mand Exhi fe Made in quantity at Swindon on automatic 
utomation, i, production equipment 


! Materials J. BESSEMAR the cele- 


entral Hall, brated hypochondriac 2 ° t 

obER 1961 says, “I got fast-acting 

ibition and Semiconductors MA393 emiton Uc OVS imi @ 

nes, — Transistors and rid my- CHENEY MANOR - SWINDON - WILTSHIRE - SWINDON 6421 


Seli 01 design headaches.” S26 


jay 1960 CONTROL May 1960 Tick No 128 on reply card for further details 181 














































































































































































































































































































































































































Last month's 


I.E.E. Symposium on 


Data 


Handling and Display Systems for Air Traffic 


Control threw up the old problem of man 


versus the machine 


An Unsolved Problem 


A SURPRISINGLY WELL-ATTENDED SYMPOSIUM 
on air traffic control was held at the Insti- 
tution of Electrical Engineers on April 8. 
Organized by the I.E.E.’s Electronics and 
Communications Section, the Symp2sium 
was of obvious appeal to the air traffic con- 
troller and those interested in data handling 
and computation, as well as to the hard 
core of communications and navigational 
experts. 

The Symposium was in afternoon and 
evening sessions, the former being concerned 
with flight information processing, and the 
latter with radar data handling. 


Flight information processing 

The first paper was A survey of data 
handling for air traffic control by J. C. 
Farmer—who presented the paper—and 
M. F. Whitney of the Ministry of Aviation. 
This brought home the size of the prob- 
lem and suggested that the ultimate was the 
elimination of all manual processing, the 
display of only that information which is 
relevant to the job in hand, and the auto- 
matic computation of sums, conflict detec- 
tion and possible solutions. The equipment 
exists to build a.t.c. systems for the next 
two decades but a more difficult task is to 
determine the optimum relationship between 
man and machine. Reliability is paramount. 

Ir. C. G. H. Scholten’s (N.V. Hollandse 
Signaalapparaten) paper An electronic com- 
puting system for air traffic control described 
the Satco (Signaal air traffic control) system. 
A dead-reckoning Satco with teleprinter 
input and output has been built for Amster- 
dam, and simple conflict search and auto- 
matic display are now under development 
for that airport. More sophisticated equip- 
ment—automatic conflict resolution, auto- 
matic input from and control of radars etc. 
—is still in the ‘ thinking and dreaming * 
stage. 

An experimental electronic data-process- 
ing system for air traffic control under devel- 
opment for the Minstry of Aviation and to 
be installed at the Oceanic Area Traffic 
Control Centre, Prestwick, was briefly des- 
cribed by J. S. MacMullan, H. S. Bray and 
J. A. Llewellyn. The present state of devel- 
opment is such that a full description would 
be premature, but the idea is to investigate 
methods of using automatic equipment to 
relieve controllers of certain routine data- 
processing work, and also to investigate 
existing control procedures with the aid of 
automatic equipment. The computer will 
be a Ferranti Apollo—a new high-speed 
transistorized parallel computer. An experi- 
mental control arrangement comprising data- 
processing equipment, four communicators 
and four controllers will be operated in 
parallel with the existing operational system 
as an open-loop system, in early 1961. Later, 
closed-loop control will be carried out under 
simulated conditions. 
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The discussion following this Session was 
opened by W. H. Garnett who stressed the 
importance of reliability and remarked that 
it appeared to be an example of man versus 
the machine. He asked if the machine 
rather than the man should make decisions. 
D. L. T. Thomas of Standard Telecommuni- 
cations Laboratories continued in the same 
vein. He pointed out that there will be no 
‘ holding’ of future supersonic aircraft and 
that, as the controller and the controlled 
aircraft form part of a servo loop, the one 
feature that will decide whether man or 
machine should take decisions is their rela- 
tive response times. 

J. D. Bailey of A.E.I1. wondered whether 
data processing was the answer to the prob- 
lem after all. The systems envisaged seemed 
to consist of data handling, data processing, 
controller processing, transmission to the 
aircraft, pilot processing and so on. Per- 
haps it was more of a process control prob- 
lem than a data processing one. He also 
saw the system as a servo loop with data 
processing indicating a very small step to 
the controller. 

Some light relief was injected into the 
proceedings by J. H. H. Merriman of H.M. 
Treasury. He had been looking up com- 
puter reliability and had been impressed by 
a figure of over 200,000 hours. However, 
according to Murphy's third law, which was 
new to most of his audience, ‘ the greater 
the odds are against an event occurring, the 
shorter are the odds against it occurring 
the first time you try it.’ 

Farmer responded as best he could in the 
short time available to the many very gen- 
eral suggestions from the floor. He again 
stressed the importance of reliability and 
said it was necessary for us to have more 
faith in the machine. However, each air- 
craft is full of passengers and there are 
large numbers of aircraft. In general he 
agreed with Bailey but... ! 


Radar data handling 


The second Session opened with An 
experimental system for automatic radar tar- 
get detection and digital coded plot extrac- 
tion and transmission by G. L. F. Hinkley 
of R.A.E. This is an experimental system 
for treating data collectively from a number 
of differently-sited radars. It converts the 
radar data from polar to Cartesian co-ordin- 
ates and transmits the encoded Cartesian 
data over long distances using a single tele- 
phone circuit. 

Semi-automatic flight control using ex- 
tracted radar data, by C. C. Fielding and 
J. G. Gibbs of R.R.E. was delivered by the 
former. They suggested that modern radars, 
digital data handling and digital ground- 
air data links could provide a major step 
forward in flight control. It is essential, how- 
ever, to maintain a proper balance between 
man and machine. The latter could perform 














routine assessments, repetiiive tasks and 
computation. Man is flexible and could in- 
ject information into the machine, monitor 
and make decisions. The machine should 
aid the controller and increase his efficiency, 

Methods of extracting radar data for 
automatic processing, a paper by N. J, 
Smith and B. W. Oakley of R.R.E., and 
given by Smith, was an excellent review of 
the man-versus-machine problem, Computers 
do not make mistakes, but the human oper- 
ator is adaptable and can exercise choice, 
Computers should not make decisions, for 
they do fail. Furthermore, the human opera- 
tor employs *‘ pattern recognition’ and a 
sufficiently complex computer is a long way 
off as yet. The computer is not yet a tool 
for a really complex situation, although 
satisfactory for part of a situation. The 
machine might, however, be satisfactory 
over seas and undeveloped countries. 


What does an operator do ? 


The discussion was _ extremely lively, 
E. V. D. Glazier (R.R.E.) objected to a 
reference by Fielding to three-dimensional 
radars, remarking that pilots didn’t like 
height radars and preferred aneroid instru- 
ments for 500-ft vertical separation. 

D. D. Lipman of the Air Traffic Control 
Experimental Unit at London Airport made 
a slashing if jocular attack on the thinking 
apparent at the Symposium. He felt that 
closed-loop control was quite out of the 
question on grounds of reliability. Civil air- 
craft are not guided weapons ‘ which have 
been known to abort.’ He called for auto- 
matic assistance rather than automation, 
‘ building from what we know to what we 
think we ought to want.’ He felt that 
machines could not compete with human 
judgment. E. Eastwood of Marconi’s took 
the opposing view, saying that electronics 
may be more reliable than man. Further- 
more, what function does the operator really 
fulfil? We need to know what he does, 
then simulate it. ‘Operators are not truly 
reliable.’ 

W. Ross of R.A.E. said that an operator 
can ‘ recognize” a target and see trends, 
and R. E. Young of Armstrong Whitworth 
that an operator can see signals in noise 
and anticipate trends. However, pilots fly 
under instrumental control and, if automatic 
landing and take-off were possible, why not 
automatic control? ‘ You cannot believe all 
you read in the newspapers about guided 
weapons.’ 

W. Bond of the Ministry of Aviation also 
disagreed with Lipman, asking ‘ is not a.t.c. 
overloaded?’ 

R. Benjamin of the Admiralty Surface 
Weapons Establishment said that man can 
handle an extremely wide range extremely 
badly, and that the machine was only 
restricted in its ability to recognize patterns. 
We should balance man, who receives all 
but uses little, against the computer which 
can use all but may (rarely) miss all. 

Replying, Hinckley said the job is there 
and has got to be done. He did not agree 
that the case for the human operator was 
so strong and felt that a machine should do 
at least as well. Gibbs replied in similar 
vein remarking that automatic control gives 
time for planning. 

N. J. Smith said they could not compare 
what a computer will do with what a man 
could do—the computer’s mistakes are found 
out. Man can do more than most computers, 
but how often do we get really valuable 
information that a computer cannot give? 
He saw little future in man-monitored auto- 
matic systems, saying that the operator must 
be either kept or dispensed with. 


A supplement to Part B of the Proceedings of 
The Institution containing the complete proceedings 
of the Symposium will be published in due course. 
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y Surface 
man can 
extremely 


was onl prefer 


. patterns. tighten the nut—the anti-friction washer prevents 
merged pipe twisting. Manufactured since 1930, still the best. 
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A member of the ALENCO Group of Companies 


The illustration shows centrifugal machines at the 
Plaistow Wharf Sugar Refinery of Tate and Lyle Ltd., 
where large numbers of Simplifix couplings are used. 
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A monthly review of system components and instruments 


For further information on any item, circle the appropriate number on the reply card facing page 258 


FIELD PLOTTER 


replaces electrolytic tank 
This resistance analogue is effectively a 
two-dimensional version of the electro- 
lytic tank. The electrolyte of the tank is 
replaced by a special resistance paper, on 





= 


per 


Special skill not required 


which silver electrodes are painted. Maps 
of potential and flow lines are easily 
drawn using the F.P.92 field plotter. 
The price of this unit, made by 
Servomex Controls, is very much less 
than that of a standard tank. 
Circle No 520 on reply card 


TRIP AND WARNING AMPLIFIER 


for d.c. inputs 
Operating on a standard 230V_ az.c. 
supply, this d.c. amplifier is designed for 
use with d.c. outputs such as those from 
thermocouples. Six standard current and 
voltage inputs are catered for, varying 
from 0-104A to 0-30mA and 0-10 mV 
to 0-150mV. Ranges are changed by 
means of plug-in cards. 

‘Warning’ and ‘trip’ lights are pro- 
vided, as well as control contacts which 
will handle 2 A at 230 V a.c. The action 
is reversible, switching in or out at two 
pre-set levels where required. 

Made by Elliott-Automation, it is 
claimed that the unit may be set to an 
accuracy of 0-1% of trip-level. 

Circle No 521 on reply card 


THICKNESS GAUGE 


for non-conductive coatings 


Designed to measure the thickness of 
non-conductive coatings on non-ferrous 
metals, this instrument has three ranges 
covering 0-0-0025, 0-0:005, and 0-0-01 in. 
Thickness is read directly from a cali- 
brated meter, to an accuracy of +10° 


184 


of the actual reading. This is maintained 
down to one-tenth f.s.d. 

The ‘ Accuratest’ gauge operates by 
change in the inductance of the probe 
caused by proximity of the basis-metal. 

Made by Nash and Thompson from a 
design by Caloral Products, the gauge is 
mains operated. 

Circle No 522 on reply card 


OSCILLOSCOPE 


direct digital reading 
Claimed to incorporate the first direct 
digital reading system in an oscilloscope, 
the Type 425 is designed for use with 
frequencies from d.c. to 60 Mc/s. The 
tubes operates with 12-kV acceleration- 
potential to give high sensitivity and 
resolution; display area is 10 X S cm. 

When the instrument has been set up 
by an engineer, amplitude and time mea- 
surements are read as actual digits on the 
tube-face. It may also be directly con- 
nected to punched-card equipment for 
recording and analysis. 

Modular construction is used and a 
variety of plug-in units are available 
which enable the range and performance 
to be varied and extended. Manufactured 
by Du Mont Laboratories (USA), distri- 
bution in England is by Leland Instru- 
ments. 

Circle No 523 on reply card 


UNIVERSAL MULTIMETER 


with voltage memory 
Full-scale readings of voltage from 0-5 
to 2000 V, and current from 0-54A to 
2mA, are available on this instrument. 
Input impedance is 10°MQ on voltage 
ranges, and is claimed to be zero on 
current ranges. 
A novel feature is a ‘memory’ which 
enables voltage measurements to be 
stored for several hours and erased at 


For plumbers ? 













will. Resistance may be measured up to 

1000 MQ. 
The multimeter, known as the E.R.LC., 
is available from Southern Instruments, 
Circle No 524 on reply card 


PRESSURE SWITCHES 

will take 50% overload 
Pressure-sensitive capsules operate micro- 
switches rated at 5A, 250V a.c. These 
are either single-pole (type GS300), in 
four pressure ranges from 0-45-1-6 Ib/in? 
to 1-95-21-6 lb/in?, or double pole. The 
latter operate in pressure ranges from 
0-13-1-6 Ib/in? to 0-4-21-6 Ib/in?. 

These units are mounted in aluminium- 
alloy cases, with gasket-sealed covers to 
provide protection against the weather. 
Pressure setting is adjusted by a screw- 
driver, and is self-locking. 

Manufactured by Firth Cleveland, who 
claim that the capsules will withstand 
overloads of up to 50% above declared 
range. 

Circle No 525 on reply card 


TIMING UNIT 
and pulse-counter 


This instrument may be set to time 
periods up to 100 minutes in tenths of 





Crystal clear 


a second. It may also be used to measure 
time intervals within this range. 
Pulses are generated by a crystal-con- 
trolled oscillator, the accuracy of which 
is claimed to be 0-025%,. The display 
tubes are arranged to show tenths of 
seconds and seconds up to one minute, 
then minutes in decades up to a hundred 
minutes. 
Manufactured by Sargrove Electronics. 
Circle No 526 on reply card 


FREQUENCY METER 
10 c/s to 1000 Mc/s 


This unit is a heterodyne frequency- 
meter, and consists of a crystal-con- 
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TRANSIENT PHENOMENA 
FOR GOOD WITH 


PEN RECORDERS 


—— 


pon emcee Continuous recording of rapid, transient or oscillatory pheno- 





mena is made possible with Kelvin Hughes High Speed pen 
recording instruments. A wide range of instruments is available 
including new units which will permanently record up to 8 
variables simultaneously. When used in conjunction with 
special Kelvin Hughes bridge amplifiers and power units, the 
recorders will measure strain, force, displacement, drag, 
pressure, acceleration and similar variables, providing in- 
stantaneous permanent recordings. Rapid response, versatility 
and dependability make them well suited for research work in 
aerodynamics, rockets, hydraulics, computers, and countless 
applications in industry, including civil engineering, mining, 
production testing of motor cars and tractors. 


Ruggedly built and insensitive to external vibrations, Kelvin 
Hughes pen recorders will operate effectively under the most 
exacting conditions in vehicles, aircraft, and where heavy 
industrial plant is operating. 


Please write for technical literature. Kelvin Hughes 
specialists are freely available to advise on any particular 

“KE application for single- or multi-channel recorders in 
industry. 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


wiry 
bow 


KELVIN & HUGHES (INDUSTRIAL) LTD., KELVIN HOUSE, WEMBLEY PARK, MIDDX 
60-72 Kelvin Avenue, Hillington, Glasgow, S.W.2 
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[New for Control, 


trolled frequency-standard controlling a 
signal generator, a mixing circuit, and a 
frequency indicator. 

A frequency of 1 Mc/s is derived from 
either an internal or external frequency 
standard, and reduced by division to 
100 ke/s. It is then distorted to produce 
a spectrum of harmonics 100 kc/s apart. 
A free running interpolation oscillator 
covering 0-100 kc/s is then added to the 
selected frequencies obtained from the 
harmonic spectrum, and the unwanted 
frequencies generated by this mixing 
process are filtered out. 

Manufactured by Rohde and Schwarz, 
distribution is by Aveley Electric. 

Circle No 527 on reply card 


POWER SUPPLY 
for transistor-circuit testing 


Primarily for laboratory use, a transistor 
power-supply provides a stepless output 
from 0 to 15 V d.c. at a maximum cur- 
rent of 500 mA. Full current is available 
over the entire voltage range. 
Stabilization is maintained for mains 
fluctuations of + 5% to — 10%, input 
voltages being 200-250V a.c. in 10V 
steps. Source impedance (at d.c.) is less 
than 0-01 Q, giving a regulation of better 





Low source-impedance 


than 5 mV. Ripple is stated as less than 
1 mV peak-to-peak. 

Made by Advance Components, the 
PPS incorporates a grade-1 meter which 
may be switched to monitor either volt- 
age or current output. 

Circle No 528 on reply card 


FREQUENCY STANDARD 
of high accuracy 
A 5-Mc/s frequency source incorporates 
a high-performance quartz crystal, in a 
constant-temperature oven, and a four- 
valve maintaining circuit. 
The signal is claimed to be stable to 


186 


within =4 parts in 10°, ageing at a rate 
of less than | part in 10° per day. 

Power supplies required for this 
S.T.C. instrument are 63 and 12-6V 
a.c., and 120V d.c. Overall size of the 
90 LQE 801 is 64 X 3 X 4{in. 

If more elaborate temperature control 
of the crystal is allowable by using an 
additional unit, the signal can be pro- 
duced with stabilities within +4 parts in 
10'°. This unit, designated type 
90LQU802, measures 10 X 8} X 7$ in. 

Circle No 529 on reply card 


RECORDER AND HOUR METER 
with clockwork drive 


This unit enables the running time of 
equipment to be recorded graphically, 
and since the recorder is clockwork- 
driven shows shut-down periods which 
are due to supply failure. The stylus is 
solenoid-operated, and requires 200V 
d.c. at a current of 5mA. The chart 
is driven by a 15-day movement norm- 
ally at 1 in./h. Accuracy is + 5 min. over 
this period. 
Made by A.E.L, this self-contained 
unit measures 54 X 44 X 4in. 
Circle No 530 on reply card 


LEVEL INDICATOR 


capacitance-operated 
A contifuous level-indicator uses a capa- 
citance probe in conjunction with an 
electronic control unit, which indicates 
incremental change of capacitance in the 
electrode unit as the contents level varies. 
The electrode system may be rigid, or 
flexible when container depth is in ex- 
cess of 6ft. Electrodes are available up 
to 60 ft in length. 

The Levelog indicator is housed in a 
dustproof and waterproof case, which is 
provided with three 3 in. conduit entries. 
Made by Thomas Industrial Automation, 
it may be calibrated in any appropriate 


units. Circle No 531 on reply card 


AUDIO-POWER METER 
range 0°11 mW to 10 W 


Designed to measure audio power, this 
unit also directly determines source-im- 
pedance of equipment operating in the 
range 10c/s to 50 kc/s. 

The instrument measures output power 
by providing a resistive load of high- 
power wire-wound resistors. Forty values 
of resistance are distributed logarithmic- 
ally over 2-52 to 20 kQ, and are selected 
by rotary switches. Voltage across the 
selected load is fed to a transistor am- 
plifier which actuates the meter. A vari- 
able attenuator is automatically switched 
with the resistances so that a direct 
reading is obtained for all values of load- 
resistance. 

Accuracy is +0-5dB on the Xl, 
x10, and 100 impedance ranges, and 


*+1dB on the 1000 range. Source im- 
pedance is measured by setting the load 
for maximum output. Model 610C, made 
by Dawe Instruments, is powered by 
self-contained batteries. 

Circle No 532 on reply card 


AUTOMATIC SCALER 

with high-voltage supply 
A combined scaler and timer incorpor- 
ates a stabilized high-voltage supply, a 
high-gain input amplifier and a pulse 
height analyser. A ratemeter facility jis 





Easy to read 


provided with push-button selection of 
1000, 10,000 and 100,000 counts per 
second. 

The scaler may be stopped automatic- 
ally at pre-determined counts up to 10°, 
and at pre-determined times up to 10° 
seconds. The timer can alternatively be 
used as a second scaler with its own 
pulse-height discriminator, the timing 
system being referenced to the mains 
frequency; provision is also made for 
using an external frequency standard. 
Input sensitivity is 5mV _ negative-going 
and 5V_ positive-going. The amplifier 
gain is switch-selected in six stages from 
25 to 1000, and there is a stabilized 
high-voltage supply of 250-2000 volts in 
two ranges. 

The Type N610 is supplied by Ekco 
Electronics in a case 19 X 174 X 15in. 

Circle No 533 on reply card 


MULTI-POINT SCANNER 


for temperature indication 


Designed for continuous monitoring of 
temperature, this instrument measures the 
outputs from up to twelve thermocouples 
or resistance bulbs. The scanning is ac- 
complished by a rotary mercury-switch, 
driven by a synchronous motor, the 
twelve inputs being scanned over a 3- 
minute period. A manual selector-switch 
enables the cycling to be halted, and 
any individual temperature to be ob- 
served at leisure. 

The instruments can be arranged for 
two types of action. A single, maximum 
temperature can be pre-set on the scale 
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SEE 


THE BURROUGHS E.101 MKIll COMPUTER 


FOR: 

Electronic speed 
Proven reliability 
Maximum versatility 
Unrivalled economy 


THE E.101 I$ THE ONLY ELECTRONIC 
COMPUTER WHICH COMBINES ALL THESE 
IMPORTANT FEATURES IN ONE MACHINE 


1. DIRECT KEYBOARD INPUT— 

Data is entered directly into the computer, and may be 
printed on entry. No special preparation is necessary. 
This is an E.101 exclusive. 


2. TABULATING PAGE PRINTER— 

A highly flexible printer, incorporating an interchangeable 
4-position printing and control unit, provides fast, direct 
printed output of intermediate and final results without 
using punched tape or punched cards. Another E.101 
exclusive. 


3. ACCESSIBLE PINBOARD PROGRAMMING— 

The E.101 has a powerful and comprehensive command 
structure. Programs are easy to write, easy to set up, 
easy to record, easy to change. Every step is fully visible, 
and individually accessible. Auto-codes, complex plug- 
boards, punching operations are eliminated. 


4. COMPREHENSIVE OPERATOR CONTROLS— 

Nine selective start-up points for automatic operation, and 
manual switches for the inclusion of special instructions, 
are designed to permit the exercise of maximum personal 
judgment at all stages of the operation. 


5. OPTIONAL INPUT/OUTPUT ADJUNCTS— 

Three paper tape or punched-card channels are available 
for entry of additional data, and unlimited extension of 
program capacity. A paper tape output unit is available to 
provide external memory, or link-up with other equipment. 


NEW DIMENSIONS IN DATA PRoceSSING BY MOurroughs 


SEE US AT THE BUSINESS EFFICIENCY EXHIBITION—BIRMINGHAM—STAND No. 90 
Burroughs Adding Machine Ltd., Avon House, 356-366 Oxford Street, London, W.1. Telephone: Hyde Park 9861 
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Scans twelve inputs 


and, if the temperature at any of the 
scanned points reaches this, scanning 
stops and an alarm or trip action to shut 
down the machinery comes into opera- 
tion. In the second arrangement, two 
temperatures can be set on the scale. If 
any of the temperatures scanned reach 
the lower point, a relay is operated and 
this provides the necessary contact for 
an alarm; then, if the temperature reaches 
the second, a trip action is brought into 
operation. 

Manufactured by West Instrument, 
this instrument has a keyed setting knob, 
so that when the key is withdrawn the 
pre-set levels cannot be changed. 

Circle No 534 on reply card 


UNIVERSAL pH METER 

and d.c. potentiometer 
An improved version of an original 
model, the M4989 has been designed to 
meet B.S.S. 1647 accuracy. 

It consists of an electrometer-valve 
potentiometer calibrated in pH units and 
millivolts, reading respectively to 0-0001 
pH unit and 0-1 mV. The value of mea- 
sured e.m.f. or pH is read in a straight 
line through three windows in the panel. 

The null detector is a self-contained 
reflecting galvanometer, and forms part 
of a compact removable unit with its 
own 2-V light source, reflecting mirrors 
and scale. 

The valve filament current (45 mA) 
and supply for the light-source are sup- 
plied from two 2-V external accumula- 
tors, and an internal 15-V battery pro- 
vides anode and potentiometer current 
of 500 uA. Made by Doran, the complete 
unit weighs 221b and measures 12} X 
124 X 10 in. 

Circle No 535 on reply card 


D.C. AMPLIFIER 


for moving-coil galvanometers 


Designed for the operation of high- 
frequency moving-coil recording galva- 
nometers from a high-impedance source. 


these amplifiers may be accommodated 
within a standard 19-in. panel assembly. 
Sensitivity is variable frcm 250 mA/V 
to 2:‘5mA/V, by the controls on the 
front panel. Push-pull stages are used 
throughout to assist in cancelling drift, 
and the unit is completely isolated from 
earth. Made by Hatfield Instruments, 
the LE 490 operates from 200 to 250-V 
50-c/s mains. It is claimed that changes 
up to + 10% in mains voltage produce 

negligible drift. 
Circle No 536 on reply card 


PULSE SOURCE 
crystal controlled 
An electronic precision pulse-source is 
claimed to have a time-interval error of 
only a few seconds per annum. A crystal- 
controlled oscillator generates a_ basic 
frequency which is fed to a series of 
binary dividers, from which (in the stan- 
dard chronometer) are produced square- 
wave pulses at intervals of 1, 30 and 60 
seconds; other outputs are available on 
request. 
Frequency stability is achieved by 
operating the crystal over a particular 
part of its characteristic, but where ex- 





Inside story 


cessive ambient variations are encountered 
thermal compensation can be provided. 
The A.T.E. crystal chronometer is 
available from Communication Systems; 

power supply required is 24 V d.c. 
Circle No 537 on reply card 


DIFFERENTIAL COUNTER 


accepts two pulse-trains 


Operating at 28V dic., this counter 
accepts two trains of pulses, one adding 
and the other subtracting, and indicates 
the resultant. It was developed initially 
for aircraft re-fuelling, where one flow- 
meter measures fuel-flow to the engines 
and another fuel-flow into the tank. 
Two push buttons are located below 
the figures which enable the counter to 
be reset to zero or set to a predetermined 
figure. These buttons are two-stage 
switches and control fast and slow add- 
ing and subtracting pulses. The method 
of reset is to push either the adding or 
subtracting buttons fully home when fast 





pulses will be fed to the counter. When 
the approximate reading is reached the 
button is released and if pushed half 
way single pulses can be fed to the 
counter. Reset pulses are obtained from 
a circuit which is built into the counter. 
The type 1400 is manufactured by 

Counting Instruments. 
Circle No 538 on reply card 


ULTRASONIC FLAW-DETECTOR 


with c.r.t. display 
An ultrasonic flaw-detector, the Mark 2; 
has an operational frequency range of 
0-5 to 10mc/s, and a maximum depth 
range of 20 ft in steel. 

The display is on a 5 in. diameter c.r.t., 
the time base of which has speed con- 
tinuously variable from lin. to 20ft 
echo distance. A trace-delay control en- 
ables the operator to expand any section 
of the display. Available from Ultra- 
sonoscope, this unit operates from any 
standard 50-c/s supply, power consump- 
tion being 120 W. 

Circle No 539 on reply card 


VIBRATION LIMIT CONTROLLER 

with moving-coil pick-up 
This unit is designed to measure, moni- 
tor, and record vibration in machines 
and structures. It operates by continu- 
ously comparing the output from a mov- 
ing-coil pick-up with a fixed bias-volt- 
age. A trip-valve, with a heavy-duty 
relay in its anode circuit, is triggered if 
the pick-up signal exceeds a pre-set level, 
and the relay either shuts down the 
machine under examination or rings an 
alarm. 

The pick-up gives a voltage output 
directly proportional to vibration fre- 
quency over the range 20-400 c/s. A sig- 
nal representing displacement is obtained 
by applying the output voltage to an 
integrating network, followed by recti- 
fication and amplification circuits. The 
resultant d.c. output drives a meter cali- 
brated in peak values of displacement. 

The type 1434 has a sensitivity control 
giving four ranges: 0-0-001, 0-0-003, 0- 
0-010, and 0-0-030in. It may be set to 
trip at any vibration level between 20%, 
and 100% of meter f.s.d. on any range. 

Made by Dawe Instruments, the con- 
troller consumes 40 W from 110 or 200- 
250 V a.c. mains. 

Circle No 540 on reply card 


MAGNETIC LOGICAL ELEMENTS 
for use in control systems 


A range of magnetic logical elements 
have been designed to work together and 
to be incorporated into control schemes. 

They are made in the form of mech- 
anically-coded standard packages. The 
element is a plug-in unit consisting of a 
nylon frame moulded to form a handle 
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twenty 
times 
larger 
in ae 
ten years 





-growing with industry’s need 
for automatic control. 

An organisation in the forefront 
of this rapidly developing field, 
Lancashire Dynamo 


Electronic Products Limited .. 






7 


Metal Industries Group 


-.». Manufacturing the world’s 
widest range of industrial 
electronic control equipment 
at Rugeley in Staffordshire 
Stand E204 


INSTRUMENTS ELECTRONICS AND 
AUTOMATION EXHIBITION. 


P.R.La. 
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[New for Controi’ 


at one end and having a 32-way plug 
and socket connexion at the other. 

Two printed-circuit component boards, 
one for input-circuit components and the 
other for the magnetic-circuit compo- 
nents, are fixed into this frame and con- 
nected to the plug. Each assembly is a 
complete logical element providing 
‘and’, ‘or’, ‘not’, ‘memory’ and 
‘time delay’. As much logic circuit as 
possible has been provided for on each 
logic element. 

All packages have the same physical 
dimensions and in each moulded handle 
there is a label denoting the logical func- 
tion. These units, manufactured by 
English Electric, are designed to slide 
into a steel receptacle which will hold a 
number of the elements side by side. 

Circle No 541 on reply card 


QUICK LOOKS 


Hydraulic accumulators. Three series of 
these devices have been added to an 
existing range. All three are of screwed- 
end construction, and they incorporate 
safety interlocks to prevent the unit 
being dismantled whilst under internal 
pressure. Series II is for pressures up 
to 20001b/in? with capacities ranging 
from 8 to 20 gallons. Series III is for 
pressures up to 50001b/in? with capacities 
ranging from 1 to 8 gallons. Series IV is 
for pressures up to 5000 Ib/in? with capa- 
cities ranging from 8 to 20 gallons. Vari- 
ous port sizes and flanges are available; 
made by Industrial Hydraulics. 

Circle No 542 on reply card 


Digital-display cathode-ray tubes are now 
in experimental production by the M.O. 
Valve Co. Display is bright, may be 
viewed from a wide angle, and is almost 
instantaneous. Screen diameter is about 
14 in. 

Circle No 543 on reply card 


Artificial-lighting control by the intensity 
of daylight is achieved by a printed- 
circuit photo-electric relay. Lighting is 
automatically switched on or off at pre- 
set daylight levels. Made by Londex the 
unit operates from 200 to 250-V a.c. 
mains, and is mounted in a weather-proof 
cast-iron case. 

Circle No 544 on reply card 


Electronic continuous weighers, which 
incorporate a single idler weighbridge 
and dust-proof load-cell, have bridge 
capacities from 20 to 20,000 tons/h. 
Manufactured by Electroweighers (Birm- 
ingham) Ltd. 

Circle No 545 on reply card 


Transistorized inverters designed to re- 
place rotary inverters in aircraft are 
available with a variety of outputs. In 
the 115 V output inverter the range ex- 
tends from 75 to 750 VA at 400 c/s, and 
in the 230 V output models from 75 to 
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600 VA _ at 


50c/s. Made by Elliott 
Brothers, units can be supplied for in- 
puts of either 24 or 28 V d.c. Frequency 
stability is given as 1% of nominal at 
25°C. 

Circle No 546 on reply card 
Low-noise-level chopper relays have been 
developed to detect signals of rather less 
than 100“V peak to peak. The makers, 
Ericsson, claim that noise level is re- 
duced to about 50 “V, measured with a 
load of 1 M2. 

Circle No 547 on reply card 
Oil detector. An instrument to detect 
presence of oil on water has recently 
been developed. It operates by means of 
a capacity-sensitive detector located in 
an interceptor tank through which ithe 
water flows. Made by Smiths Industrial 
Instrument Division. 

Circle No 548 on reply card 
Variable-fiow in-line pumps enable flow 
to be controlled from zero to maximum 
capacity. Range is 10 gal/h to 50 gal 
min at pressures from 10,000 1b/in? to 
2000 Ib/in? for the larger pumps. The 
makers are Sutcliffe Hydraulics. 

Circle No 549 on reply card 
Squirrel-cage motors, A range of fan- 
cooled squirrel-cage motors with class E 
insulation is introduced by G.E.C. These 
*D’ frame machines are available up to 
7th.p. at 1500rev/min and Sh.p. at 
1000 rev/min. Ratings are in accordance 
with B.S. 2613. 

Circle No 550 on reply card 
Power supply. Transis‘orized dual-range 
supplies provide either 0-18 V at 2A, 
or 0-36 V at 1A. Line and load regula- 
tion are 10mV and SmV respectively, 
ripple being quoted as 0-2 mV r.m.s. Two 
units may be mounted side by side in a 
19 in. rack, and may be operated in series 
or parallel as required. Model TP-36/18 
is made by Invar Electronics. 

Circle No 551 on reply card 


Butterfly valves claimed to be usable for 
high-vacuum work are constructed from 
stainless steel by Edwards High Vacuum. 
The QSB range covers from a 1 in. bore 
valve for maual operation, and 2, 4, and 
6in. bore models available for either 
manual or pneumatic operation. 

Circle No 552 on reply card 


INDUSTRIAL 
PUBLICATIONS 


Scientific instruments. Catalogue ‘N° 
from W. G. Pye has 32 pages covering a 
wide range of products. 

Circle No 553 on reply card 
Fuel flowmeter. An integrating indicator 
for aircraft use is described in leaflet 
A/19 from Negretti & Zambra. 

Circle No 554 on reply card 














Power system protection. A  10-page 
booklet from English Electric describes 
their transistorized V.F. intertripping 
system. 

Circle No 555 on reply card 
* Current Collection’ is the title of pam- 
phlet ZD 37, showing carbon current- 
collectors made by Morgan Refractories. 

Circle No 556 on reply card 
Liquid blending is the subject of a book- 
let (AB201) from Constructors John 
Brown, showing their ‘ auto-blender’. 

Circle No 557 on reply card 
Automatic controllers are detailed in a 
16-page booklet (No. R30/2E) from 
Negretti and Zambra. 

Circle No 558 on reply card 
‘The case for coal’ is the title of an 
illustrated booklet issued by the National 
Coal Board. 

Circle No 559 on reply card 
Semiconductor devices, A pamphlet en- 
titled ‘Designers Guide’ from Mullard 
details semiconductors for industrial 
equipment. 

Circle No 560 on reply card 
Core memories are described in a leaflet 
from Telemeter Magnetics (U.S.A.). 

Circle No 561 on reply card 
Capacitance transducers and associated 
equipment are shown in publications T2 
and TS from Grunther Industrial Devel- 
opment. 

Circle No 562 on reply card 
Power transistors, m-p-n silicon diffused, 
are detailed in data sheets 2SO12A and 
2SO13A (issue 1) from Texas Instru- 
ments. 

Circle No 563 on reply card 
Air control valves are illustrated in a 
pamphlet from Stuart Davis. 

Circle No 564 on reply card 
Silicon diodes are listed in a short cata- 
logue from International Rectifier (G.B.). 

Circle No 565 on reply card 
Oil-retaining bearings. An _illus:rated 
catalogue from Birfield Industries. 

Circle No 566 on reply card 
Electromagnetic transducers for use in 
instrumentation control are illustrated in 
a catalogue from Salford Electrical. 

Circle No 567 on reply card 
Flameproof controls are detailed in List 
No. 179/A from Londex. 

Circle No 568 on reply card 
Hall-effect devices are comprehensively 
described in a catalogue by Siemens and 
Halske. 

Circle No 569 on reply card 


Small electronic components are listed in 
a general catalogue from A. F. Bulgin. 
Circle No 570 on reply card 


We regret that the accuracy of the 
Analytical Measurement’s pH _ meter 
shown in April ‘ New for Control’ was 
wrongly quoted as 0-2 pH. This should 
have read 0-02 pH. 
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ly card iid ' se IFICATION 
_ This G.E.C. unit with appropriate probes measures — ” 


the quantity of liquid or free-flowing granular material in a - 7 
trated in container. It is particularly useful when more normal methods —— co... —— 5%, 
rical, such as float gauging, sight glass, or weighing techniques cannot be used. . 
eply card Power Supply 2% volts dc. + 4 volts 

d in List EQUIPMENT 


The equipment is fully transistorised, and operates from a 
eply card 28-volt d.c. supply. The level measuring unit consists Distance between 
al of an oscillator, a capacitance bridge, and a detecting ont end container Sees 

7 amplifier. The oscillator generates a 4kc/s supply to feed 

the capacitance bridge. 
The unit employs the latest printed circuit techniques and the 
complete assembly is encapsulated in epoxy resin. 18 o2., .51 ke. 
» listed in This ensures that the unit will withstand severe shock and ~dtn+ Oem 
* Bulgin vibration. Two sockets are provided in the unit, one for a coaxial 100°, relative humidity 
‘eply card cable to connect the unit to the container and another 

to connect the unit to the meter and 28-volt d.c. supply. 
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Digits 

Digital and Sampled-Data Control Systems by Julius T. Tou. 
McGraw-Hill. 1959. 631 pp. £5 16s 6d. 

In general the book presents and illustrates a comparatively 
new subject very well. It is largely theoretical, as is inevitable 
for a work intended to be a textbook for degree students. 
However, there is a good deal of practical technique outlined, 
particularly with regard to analogue-to-digital conversion and 
general design principles. 

The author commences by clarifying the difference between 
sampled-data and true digital systems. The theory of the 
z-transform, necessary in order to rationalize the effect of 
sampling of essentially continuous systems, is well developed, 
with repeated reference to the z-plane in which the design is 
performed. 

Synthesis of the digital controller to stabilize and to achieve 
the desired total response is rigorously dealt with. The error 
coefficients could have been developed so as to incorporate 
performance criteria based on them, e.g. the sum of the r.m.s. 
error coefficients reduce to zero. 

Finite pulse-width systems are dealt with thoroughly. The 
chapter on continuous systems seems somewhat out of place. 
On the other hand, it forms a useful adjunct for the student 
as well as for those starting in the art of cybernetics. 

This is one of the early works on the subject of digital 
systems, and sets a high standard as a useful textbook and 
reference for the practising engineer. W. L. MARKS 


Computers 


Handbook of Automation, Computation, and Control. Volume 
2: Computers and Data Processing by E. M. Grabbe, S. Ramo 
and D. E. Wooldridge. Chapman & Hall, London : John Wiley, 
New York. 1959. 1071 pp. £7. 


Like big computers, as well as disgorging a great deal of 
information this book produces a great deal of hot air. How- 
ever, it possesses certain merits. In particular, the opening 
chapter on computer terminology and symbols, carefully 
selected from the I.R.E. and A.C.M. definitions, must rank as 
one of the best glossaries so far produced; although only 22 
pages long, this makes the whole book worth having—and 
almost makes it possible to read the rest of the book. The 
second chapter, on digital computer programming, starts 
extremely well, but, like so many texts on programming, degen- 
erates into the particular details of specific machines. Needless 
to say they are all American, except Soviet Strela—one cannot 
help wondering what those foreigners will think of next! 
Although it is very tiresome to read, this monster chapter (265 
pages) contains a lot of valuable information on the subject. 

Chapters 3 to 11 are grouped in a section headed The Use of 
Digital Computers and Data Processors. These range over the 
scientific, business, and non-numerical fields, the latter subject 
being covered by articles on game-playing, language-transla- 
tion and literature-searching applications. This section, despite 
the title, starts with data processing and finishes with digital 
computers, which, for a book based on logic . . .? 

The next section, comprising chapters 12 to 20, deals with 
the design of digital computers, and starts with a chapter on 
the fundamentals. This is almost a repetition of the early 
part of the book, and, with more careful editing, would have 
been omitted. The rest of the section is on design techniques 
for thermionic, solid-state, and magnetic circuitry, and includes 
display and read-out equipment. Although suffering in some 
measure by being rather too particular in quoting actual com- 
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ponent types and values, this section provides a wealth of 
information and experienced comment. 

The following eight chapters cover the design and applica- 
tion of analogue computers. Chapter 21 discusses, at a very 
low level, the methods and classification of analogue systems, 
the areas of application of such techniques, and the symbols 
used. Linear and non-linear elements are dealt with in the 
following two chapters, and the effects of imperfect amplifiers 
(e.g. drift, finite gain, bandwidth, etc.) are cursorily mentioned, 
Apart from a useful table of some forty transfer impedances 
of operational amplifier networks, these chapters are mediocre, 
and the original textbooks from which most of this material 
has been taken should preferably be read at first hand. Never- 
theless, it is pleasing to see references to Wass, Thomas and 
Squires, all of whom have made major contributions to the 
analogue art in the U.K. Chapter 24 is a clearly written intro- 
duction to analogies and duals of physical systems. The point is 
made that no dual can be found if the original system is non- 
planar, but planar is not defined; which may well puzzle those 
not familar with this network-theory concept. Furthermore, 
there is no guide on how to handle mixed physical systems 
such as electromechanical relays and other transducers. This 
is a serious omission, since it is here that so many mistakes 
in the application of the principles of duality can occur. Note 
that this chapter, the key to the handling of all lumped-para- 
meter systems, is dismissed with no reference to d’Alembert 
or Firestone in only thirteen pages and seven references. Chap- 
ter 25, on field problems, covers the subject, techniques and 
methods in 23 pages, and is again merely a brief guide. 

Noise and statistical techniques in the next chapter are pre- 
sented with simple theory, and some noise generator designs 
are described. Mechanical computer elements come next in 
chapter 27, followed by an elementary description of d.d.a. 
systems in chapter 28. The final three chapters form a section 
called Unusual Computer Systems, and deal with hybrid com- 
puters employing both digital and analogue techniques, and, 
lastly, the use of Turing-type computers which can imitate the 
logic of other digital systems. 

Volume 2 is disappointing after Volume 1,* which, by com- 
parison, is an excellent source-book and finger reference. It 
appears that the task of producing a really good handbook 
on computers is still an insuperable one. The book is unbal- 
anced in style, too often repeats material from previous chap- 
ters or Volume 1, and is mostly too superficial to be more than 
a broad commentary on the rat-race world of computers. 


K. C, GARNER 
*Reviewed in CONTROL for May, 1959, by N. Ream.—eptTor. 


Books Received 


Lichtempfindliche Bauelemente fur die Automatisierung by Paul 
Goercke. R.v. Decker’s Verlag, Hamburg. 1960, 312 pp. * ™M 


Economic Control of Interconnected Systems by Leon K. Kirch- 
mayer. John Wiley & Sons Inc. 1959. 307 pp. £5. * 
Automation. I/nternational Labour Office. 1960. 27 pp. * 73 


Industrial Instrument Servicing Handbook by G. C. Carol. McGraw 
Hill Publishing Co. 540 pp. £4. * 704 


Servomechanism Practice by W. R. Ahrendt and C. J Savant. 
McGraw Hill Publishing Co. 1960. 566 pp. £4 17s. * 705 


The Engineer ayer Guide 1960. Morgan Bros (Publishers) Ltd. 
1960. 976 pp. /6 * 16 


Encyclopedia on Cathode-Ray Oscilloscopes and their Uses }y 
J. F. Rider and Seymour D. Uslan. Chapman & Hall Ltd., Lon- 
don: John Wiley & Sons, New York. 1959. 1337 pp. £10 10s. * ™ 


Industrial Electronics and Control by G. Kloeffler, Chapman & 
Hall Ltd., London: John Wiley & Sons, New York. 1960. 50 
£4, 


Fundamentals ef Electronics by E. Lurch. Chapman & Hall Ltd., 
London: John Wiley & Sons, New York. 1959. 631 pp. £3 6s. * ™ 


Reciprocals of the Integers from 1000 to 9999 by T. H. a 
Taylor & Francis Ltd. 1960. 43 pp. 18/6. 


The Other Side of the Moon. Translated from the Russian by * i 
Sykes. Pergamon Press. 1960. 40 pp. 10/6d. * Til 


5 ? 
% Tick the relevant number on the reader information card facing page 258 
for further information. 
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MAGNETIC DEVICES RELAYS 


* Wide range 
* Keen prices 
* Speedy delivery 


Magnetic Devices specialise in the 
production of many types of relay. ‘The 
standard range includes enclosed, 
hermetically sealed, miniature, sub- 
miniature, plug-in, screw terminal and 
transistorised types; for A.C. and 

D.C. operation. 





Special relays for prototype equipment 
can be supplied — consult our design 
engineers. 


Series 590/596 
Enclosed Relay 


MAGNETIC DEVICES 


NEWMARKET - ENGLAND 


Tel : Newmarket 3181 (5 lines) Grams: Magnetic Newmarket 





LTD 
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Factory Drawing Office 
ow-cos 


Works g Eon Production 

SOLID STATE |: |= 
ELECTRONIC For the small concern 

COMPUTER 7 


which pays Mane 
for itself... Sc 


...and the large organisation 


ESSENTIAL EQUIPMENT 
FOR THE 
MODERN BUSINESS... 


.. not only has this computer obvious 
advantages of compactness, low cost and 
convenience, it is simple for you to operate 
and simple for us to maintain . . . and 
eliminates the need for experts. 


TEST THE 803 ON YOUR OWN WORK... 


You must see and test the 803 in operation 
on your particular problems. Please tele- 
phone or write to us and we will gladly 
arrange for you to do so. 


For Scientific Work For Business 


ELLIOTT BROTHERS (LONDON) LTD NATIONAL CASH REGISTER CO LTD 


Elstree Way, Borehamwood, Herts 206-216 Marylebone Road, London NW1 
Telephone: Elstree 2040 Telephone: PADdington 7070 cot 
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WHENEVER IT'S\A MATTER 
OF 
SPAGE.... 










ENT 
Whenever it’s a matter of space this new wire-wound 
. potentiometer, of only 0.5 in diameter and weighing 
only 7 grammes, will eliminate your difficulty. 
bvious XE 
st and i) 
all CHE FIVE STAR FEATURES 
. and —" aan %* ONLY 0.5 in diameter, 0.5 wattage rating 
onntat ers e and ONLY 7 grammes in weight. 
STAND H376 %* A wide resistance range of 
10 ohms — 10,000 ohms. 
ORK... % Resistance accuracy of + 5% as standard, 
* High end stop torque. 
* Facilities for increasing operating torque. 
eration 
e tele- Full electrical and mechanical ‘ 4 , aia 
gladly dnitti att aianta Dist Stest No. 10 Available in two versions, one for standard wiring 
diablo vequest. circuitry, the other for printed circuit application 
with locating centres 0.2 in apart, both versions are 
ideal for transistorized equipment etc. 
LTD 
Nw RELIANCE MANUFACTURING COMPANY (SOUTHWARK) LIMITED 
SUTHERLAND ROAD: HIGHAM HILL: WALTHAMSTOW * LONDON ° E.17 ° Telephone No. (and for Cables) LARkswood 1118/9 
c-60t 





CONTROL May 1960 Tick No 136 on reply card for further details 195 


TMC Elmeg Counters are as near perfect as they can be made 
by the human skills of technical experts with years of experience 
and the most advanced equipment at their disposal. As a range, 
they are exceptionally versatile — offering a choice which 
should match up to even the most remote requirements. 
Available in ‘‘Print-Out’’ and ‘‘Read-Out”’ form, they have 

fast operating speeds of up to 40 per second. They operate on up 
to 220 Volts, with uni-directional or bi-directional motions. 
Re-setting to zero by electrical and mechanical 

methods. There are auxiliary contacts operating on each 
revolution of a number wheel. The range includes counters 

for flush panel mounting and surface mounting. 

No special servicing is required. 


ZDmh—An 0-24 hours print-out counter for 


vertical mounting 


PZ5e1R—5-digit counter with electrical and 


mechanical reset. 


él MC Telephone Manufacturing Company Limited 


CONTROL May 


1960 





Angee With 


extensive 
applications 


PiU ULE 
reliability 
including some counters of extreme compactness ! 


The number of applications for which TMC Elmeg Counters can be used to advantage 
are far too many to list in detail. The following will act as a general guide: 


In conjunction with proximity switches or photocell 
equipment on production flow lines. 
In factory statistical equipment. 
counter for 


In factory process control. 


In computers and office accounting machines. 


You can register up to 9,999,999 on TMC Elmeg counters 


Write now for further information 
Relay Division C, 
Hollingsworth Works, London, SE21. Telephone: GiPsy Hill 2211 


ectrical and 
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See the Amphenol range 
at the 
1.E.A. Exhibition, Olympia 
23rd-28th May 


Stand No. K.453 


.--the widest 


range of 


connectors 


on earth! 


In industrial electronics, in re- 
search, in the Navy, Army and 
Royal Air Force, in the air, 
under the sea, in computers, 
guided weapons and automation, 
Amphenol Connectors fulfil a 
significant function as a vital link 
in equipment where growing 
complexity must be matched by 
increased reliability. Each con- 
necter in the vast Amphenol 
Range of types, arrangements 
and applications has its own 
special features. But none is 
more important, or more widely 
recognised, than the quality of 
complete reliability inherent in 
every product bearing the 
Amphenol Trade Mark. Get in 
touch with us today and ask for 
detailed catalogue information. 


The ARC 52 Equipment installed in the ‘‘Lightning”’ (photo 
reproduced by courtesy of the English Electric Company Ltd.), 
the Vickers Armstrongs ‘‘Scimitar’’ and other military aircraft 
incorporates Amphenol 165 Series Connectors. 


---the greatest name...the widest range 


AMPHENOL (GREAT BRITAIN) LIMITED, 


Victoria Road, Burgess Hill, Sussex. Telephone: Burgess Hill 85616 
AMPHENOL-BORG ELECTRONICS CORP. CHICAGO U.S.A. AMPHENOL CANADA LTD. TORONTO 9 ONTARIO 
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6"X4" XS" 152.4 X 101.6 X127 mm. 







axs"X5° 203.2 X127 X 127mm. 


8° XS°X7* 203.2 X127 X 177.8 mm. 
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1490A ; 
IX? XS" 304.8 X 177.8 X 127 mm. 















MX?" X 7" 304.8 X 177.8 X177.8 mm. 


NOW-9 new ultra-miniature cases— 
MINIBOXES—of 2-piece construction. 
From 3” x 18" x28” to 17” x4" x5”, 
Details on request. 








JETZT —9 neue Ultra-Miniaturgehause — 
MN BOXES — zwe.teilige Ausfihrung. 
Gréssen von 76 x 41 x 54 mm bis 430 x 100 x 
25mm. Einzelheiten auf An: rage 





ET MAINTENANT —9 nouveaux 
boitiers ultra petits—MINIBOXES— 
fabriqués en deux piéces. Alliant de 
76 x 41 x 54mm a 430 x 100 x 125 mm. 
On peut obtenir des renseignements 
sur demande. 









AHORA — 9 nuevas cajas ultraminiatura — 
MINIBOXES — de construccién en dos 
piezas. Desde 76 x 41 x 54 mm hasta 430 x 
100 x 125 mm. Detalles sobre demanda 












~~ 





IMHOFS AGENTS OVERSEAS 


Australia: Aladdin Industries (Pty) Ltd, 
Stanmore NSW 





new small standard cases at 


LOW PRICES! 


-% 4" X Teenie aS 
ey Ge | IMHOFS 
1470B 


15 new Imhof standard cases—panel sizes from 
6” x 4” to 24” x 104”. Just look at these examples 
—and the new low prices! All are built to the 
same robust specification and high finish as the 
existing Imhof Standard Range. The cases are of 
two types: with sloping front panels, and rect- 
angular cases with vertical front panels. All 
available in standard duo-tone finishes. And 
Imhofs have produced a new chassis incorpor- 
ating fixing brackets especially for these cases! 


Neuartige kleine genormte 
Gehause zu NIEDRIGEN PREISEN 


15 neue genormte Imhof-Gehause—Wandgrdssen von 
150 x 100 mm bis 610x265 mm. Beachten Se bloss 
diese Muster—und die neun niedrigen Preise! Sie 
sind alle in gleicher robuster Bauart und derselben 
hochwertigen Fertigung ausgelihrt wie die schon 
bestehende Imhof-Normaireihe, Die Gehause sind in 
zwei Typen erhaltlich: mit geneigter Vorderwand 


und in rechtwinkliger Ausfihrung mit vertikaler 1410C 


Vorderwand. Alle lieferbar in standard-Zweifarben- 
ténung. Imhof hat dberdies fir diese Gehause ein 
neues Chassis samt Befestigungsstiitzen herausge- 
bracht! 


Nouveaux boitiers normaux de petit 
format a des PRIX INFERIEURS ! 


15 nouveaux boitiers normaux Imhof— 
grandeurs de panneau 1''ant de 150 x 100 mm 
& 610 x 265 mm. Regardez dont ces exemples 
et les nouveaux prix inférieurs. Tous sont 
fabriqués d’aprés la méme spécification rigou- 
reuse et le méme fini de haute qualité que 
l'on trouve dans la Gamme Normale Imhof. 


Les boitiers tombent dans deux catégories: 14S0A 


ayant des panneaux avant en pente, et des 
boitiers rectangulaires ayant des panneaux 
avant verticaux. Tous peuvent étre obtenus 
avec des finis normaux 4 deux couleurs. Et la 
compagnie Imhof a spécialement fabriqué un 
nouveaux chassis comportant des appliques de 
fixation pour ces boitiers! 


Nuevas cajitas normales a 


1410B 

PRECIOS REDUCIDOS 

1S neuvas cajas normales Imhof, con tamafios de pane 
comprendidos entre 150 x 100 mm y 610 x 265 mm 
;Vea esos ejemplos y los nuevos precios reducidos! 
Construidas todas el.as con las mismas caracteristicas 
de robustez y excelente acabado que son propias dé 
actual Surtido Normal Imhof. Las cajas son de do 
tipos: con panel frontal inclinado, y cajas rectangulare 

»n panel frontal vertical. Todas ellas estin disponibles 410A 


con acabado normal en dos tonos. Y la Imhof ha 
fabricado especialmente para esas cajas un nuevo 
chasis que incorpora ménsulas de fijacién. 


Stand H/360 IEA Exhibition Olympia May 23-28 


Alfred Imhof Ltd. Dept 05, 


Denmark: Tage Schouboe, 
Copenhagen N 
Finland: Oy Scienta Ab. Helsinki 


fealy: Stuart Culley Milan 





14508 104” X 19" Panel Size 





7” X 19*Panei Size 





i0§” X 12” Panel Size 





7” X12” Panel Size 





7” X 6” Panel Size 


Ashley Works Cowley Mill Road Uxbridge Middlesex England Uxbridge 6231 


London Showroom : 112-116 New Oxford Street London WC1 7878 


New Zealand: |marex Ltd, Auckland C3 


266.7 X 482.6 mm. 


177.8 X 482.6 run. 


266.7 X 304.8 mm. 


177.8 X 304.8 mm. 


177.8 X 152.4 mm. 


Switzerland: Walter Blum, Zurich 2/39 
U.S.A.: Bud Radio Inc, 


gium: Rogelec, Ghent 


ia: Measurement Engineering Ltd, 
Arnprior 





Solingen—Ohligs 
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Germany: Sunvic Regier GMBH 


Holland: J. Th. van Reijsen, Delft 








Norway: Birger Christensen, Oslo 
Portugal: Projectos e Construcées 
Lda Lisbon 

Sweden: Electroniund AB, Malmo C 


Cleveland 3, Ohio 

British Guiana: 

Davsons Carribbean Agencies Ltd, 
Georgetown 
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COUNTING ? 


“MULTIPLICATION IS VEXATION 
DIVISION IS AS BAD 
THE RULE OF THREE DOTH PUZZLE ME 
AND PRACTICE DRIVES ME MAD!” 


Tachometer Type |144A—constructed from 
Plug-in Counting Sub-Units. 





The quaint complaint of the Elizabethan 
schoolboy might well re-echo today where 
management have not yet realised the 
significance of modern digital 

counting techniques. 

Many industrial control problems can be 
interpreted in terms of counting, timing or 
measuring. To meet these requirements we 
have introduced a wide range of inexpensive 
plug-in counting sub-units. These units, 

of which there are over 50, can be 

combined to produce dependable equipment 
for applications ranging from simple counting 
and batching to complex digital control. 

If you want facts-in-figures get 

in touch with us now. 


ERICSSON 


INSTRUMENT DIVISION 
High Church Street - New Basford - Nottingham Tel: 75115 





ERICSSON TELEPHONES LTD - HEAD OFFICE - 22 LINCOLN’S INN FIELDS - LONDON W.C.2 






PEOPLE WHO COUNT USE ERICSSON E1048 
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Vactric ~«-@ Choice can be made from a wide 


selection of miniature precision built, low 
inertia, D.C. Servo motors in International 
frame sizes. These units conform to Ministry 
of Aviation Specification EL.1925 and incorp- 


orate stainless steel bearings. 
The rating of all motors is continuous, they 







































DC Servo 
Niotors 









are reversible and can be used as generators. 


Performance Data 


SIZE 07. 
Std. voltages 6, 12, 28. No load speed 
138,000 r.p.m. 

Torque 30 gm. cm. Min. stall torque 60 


gm. cm. 
Speed 8,000 r.p.m. Weight 40 gm. 










SIZE 08. 


Std. voltages 6, 12, 28. No load speed 
8,500 r.p.m. 
Torque 50 gm.cm. Min. stall torque 
100 gm. cm. 


Speed 5,000 r.p.m. Weight 60 gm. 






SIZE 11. 


Std. voltages 6, 12, 28. No load speed 
8,500 r.p.m. 
Torque 120 gm.cm. Min. stall torque 
270 gm. cm. 


Speed 5,000 r.p.m. Weight 145 gm. 





SIZE 15. 


Std. voltages 6, 12, 28. No load speed 
7,500 r.p.m. 
Torque 220 gm. cm. Min. stall torque 
650 gm. cm. 


Speed 5,000 r.p.m. Weight 305 gm. 





SIZE 18. 


Std. voltages 6, 12, 18. No load speed 
7,000 r.p.m. 

Torque 325 gm. cm. Min. stall torque 
1,200 gm. cm. 


Speed 5,000 r.p.m. Weight 450 gm. 










All units can be supplied with plain 
shaft or with a pinion shaft . 
in-line reduction gearheads to be directly 
coupled; reductions up to 1,000,000:1 can 
be obtained with 2 gearheads in cascade. 


a wee or yore = for aw deotine 
our erpandi range 0 ‘ontrol 
Equipment. oo 


(Control Equipment) Limited 


Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
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don’t buy a computer... 


without considering the Stantec-Computing 
System incorporating an unusually versatile, 
medium-sized electronic digital computer. 
Designed specifically for commerce and 
industry, its wide variety of routines are 
being already applied in fields as far apart as 


food manufacturing, stock control and basic 





aeronautical research; solving complex 
calculations and problems in a fraction of 


the normal working time. 


Capital outlay on a Stantec System is low 


and is speedily offset by the considerable 
















economies it makes in time, labour and 
operating costs. 


Why not see how ‘Stantec’ can help you! 





The Stantec Computing System is being 
demonstrated on 


STAND No. K.459 
at the 1.E.A. Exhibition 


STC are Britain's largest exporters of digital computers 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 









ELECTRONIC 
SYSTEMS 


GROUP 
INFORMATION PROCESSING DIVISION: CORFORATION ROAD - NEWPORT : MON 
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Contactors 
and Contactor Starters 
‘Type MK’ 


* 


Complies with rele- 
vant British Standard 
Specification (fre- 
quent duty). 














Clamp type solderless termi- 
nals for rapid connection. 





* 


Modern design gives 
robust yet simple 
construction com- 
bining reliability in 
service with excep- 
tionally long operat- 
ing life. 


+ 


Contact carriers moulded 
from arc resistant, non-hygro- 
scopic material with internal 
phase barriers. 








































* 


Complete range of thermal 
overload units available. 













* 


All parts readily accessible 
for easy installation and 
inspection, 


















* 


Can be supplied as shown or 
fitted in wall mounting steel 
or cast cases. 









* 


Silvered contacts for maxi- 
mum life and minimum 
maintenance, 








MK3 Contactor 















MK Contactors 
are available from stock in 15, 25, 60 and 100 ampere ratings for a.c. 


Control Coils 
can be supplied for a wide range of a.c. and d.c. voltages. 


Write for Auxiliary Contacts 
. fitted t i tactors. 
Technical Leaflet can be fitted to all sizes of contactors. 


For long and trouble-free operation specify L.D.N. Contactors. 
LS 2510 


LANCASHIRE DYNAMO NEVELIN LTD 


(SWITCHGEAR DIVISION) 


HURST GREEN, OXTED, SURREY. Telephone: OXTED 3361. Telegrams: NEVELIN OXTED 
A Member of the Metal Industries Group of Companies 
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with quality 





Plessey excels in producing small mains transformers. For Ple S$ se ¥ 


many years Plessey has been designing and making trans- 
formers for a cost (and quality) conscious market, with the 
result that immense capacity exists for the manufacture of 
commercial, industrial and electronic transformers. 







Plessey transformers, ranging from transistor types up to 










those rated at 2kVA, can be produced quickly, reliably and Components Group 

economically. THE PLESSEY COMPANY LIMITED 

Here is a transformer service that can solve at least one New Lane - Havant - Hants - Telephone: Havant 1701 
component problem for you—Plessey most probably can Overseas Sales Organisation 

solve many more. Publication No. 998 tells you more PLESSEY INTERNATIONAL LIMITED 

about us—may we send you a copy ? Ilford - Essex - England - Telephone: Ilford 3040 









@ crs 
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MA low cost automation 


fixed programme controller flexible programme controller 

for simple applications. of great versatility. 

Shown here as an operator's aid Shown here applied to a Ward No. 2 
on a commutator trimming lathe. capstan lathe for unattended operation. 


Electronics, pneumatics, hydraulics 
combined for efficiency and economy. 


During the period of the IEA Exhibition informal interviews 
in the evening can be arranged in Kensington for engineers 
who are interested in appointments in this and allied fields. 


THE PHOENIX TELEPHONE AND ELECTRIC WORKS LIMITED, 
THE HYDE, LONDON, N.W.9. Telephone COLINDALE 7243 
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All Liquids and Gases can 

be positively controlled 

by an Alcon Solenoid or 
Aco Air-operated Valve. Sizes 
from 4" B.S.P. to 8” Bore. Pressures 
up to 1,500 p.s.i. Temperatures up 
to 300°C. Body materials to suit all 
media including corrosive acids, with 
Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid hous- 
ings. Glandless, Fluon Glands or 
Stainless steel Bellows glands. 


AIR-OPERATED Type AOD 
—Heavy duty air operated units individu- 
ally designed for control applications 
beyond capabilities of Solenoid types. For 
pressures up to 1,500 psi. Sizes }” 
B.S.P.—8” Bore. 


SPC.3—Three-way valves for 
electro-pneumatic control systems. Sizes 
up to }” B.S.P. for use with air up to 
150 p.s.i. 


MIDGET Type ACO—Sizes 
up to 3” B.S.P., used for control of Air, 
Gases, Water, Oil at pressures up to 300 
p.s.i. Single way—Reverse acting—three- 
way types available. 


ACH—Hand Reset type, clos- 
ing automatically on current failure, for 
low and medium pressures. Sizes from 3” 
B.S.P. to 6” Bore. Inexpensive, simple 
construction, reliable in operation. Also 
available type ACHL. Lever operated for 

use with steam, hot 
water and pre-heated 
fuel oils. 


.E.A. 

EXHIBITION 
OLYMPIA 23-28 May 
STAND G. 318 


"Phone : SUTton Coldfield 5227-8-9 


ALEXANDER CONTROLS LTD., REDDICAP HILL, SUTTON COLDFIELD, WARWICKSHIRE 
A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
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.E.A. 
IBITION 


3-28 May 
D G. 318 


(SHIRE 


New . THORN PLUG-IN RELAYS 


3.3 a 


Thorn Pygmy Power Relay a 


A plug-in relay, particulary suitable 
for switching P.A. equipment, the 
snap action contacts minimising 
interference with pick-up leads. 


Operating coil wound for any specified 
voltage up to 240 volts A.C. or 150 volts 
D.C. May be tropicalised. 


Up to three micro-switch pattern contacts 
mounted on standard coil frame. 


Versions available with up to 11 solder 
tags or 10 screw terminals. 


a Contacts: 3 changeover. 

New interchangable relay designed for |! Mechanical Life: Over 10,000,000 operations. 
use in remotely controlled automation __ C/O Time: C.O. period less than 2 milliseconds. 
units. Has double pole changeover contacts. Max. Switch: 10 amps/240 volts A.C. noninductive load. 
Dust proof—transparent plastic cover. Capacity: 0.2 ampe/240 vols D.C. ,, 

: 0.5 amps/110 volts D.C. ,, 
Plugs into any standard International : = 1.0 amps/50 volts D.C. ,, 
octal valve base. 


5 amps/24 volts D.C. ,, 
Weight Only 44 ozs... ae ae 
projection only 2” above base. . & ae een 


Switching: Up to 0.1 amp. approx. 20 cycles/sec. 
Mechanical life over , Frequency: asia 
10,000,000 operations. om : z is 

. (referred to A.C. non-inductive load). 

Switching current: 5 amps maximum at 
250 volts A.C. 
Maximum surge current: 10 amps. 
Operate time: 8 milliseconds approx. 
Release time: 6 milliseconds approx. 
Overall dimensions: 1#” square by 235” 
Coil voltage: 240 volts standard; also 
available for 6, 12, 24, 48, 60, 110 volts 


pecetennnenbneneesnss tite 


COMPONENT AND CONNECTOR DIVISION 


Thorn Electrical Industries Limited, Great Cambridge Road, Enfield, Middlesex. Telephone: EN Field 5353 
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IT’S NEW IT’S 





Advance enter the electronic counter market with an instrument 
excelling in range and performance. Occupying considerably less 
than half a cubic foot and weighing only 12 lb., this remarkable 
counter has the versatility previously found only in equipment several 


times its size and price. 


Over 145 transistors and 21 printed circuit boards are used to achieve 





an exceptionally sound and compact design, capable of performing efficiently under 
rigorous conditions. Self-checking facilities are incorporated, and the 
easy-to-read decade-meter display provides an instant six-figure indication with 


manual or automatic repetition and an accuracy of + 1 count. 


TCIl. TIME AND FREQUENCY MEASURING COUNTER 


FREQUENCY MEASUREMENT from 10 to 1,000,000 c/s 


TIME MEASUREMENT from | sec. to 2777 hours 





* PERIOD MEASUREMENT | or 10 periods of input waveform down to 10 c/s 
RANDOM COUNTING totalling over any period 
OUTPUT TIMING PULSES from 10" to 10° p ps. 
INTERNAL STANDARD oven controlled 1 Mc/s crystal 
STABILITY + 1 part in 10° at 25°C 


FREQUENCY MEASURING PERIOD ().1, 1.0 or 10.0 seconds 






tl 
ExHItBITION 


STAND No. C107 










DISPLAY TIME | to 5 seconds or ‘hold’ 
POWER CONSUMPTION 3W (baitery), 14VA (mains) 


DIMENSIONS length 12’, height 9”, depth 6”, weight 12 Ib. 


* AND NOW—virtually to d.c. with C.A.1 attachment. 


CONTROL May 1960 


1 Mc/s TRANSISTORISED COUNTER 


with full laboratory facilities net: price in U.K. £335 
Lecflet Y.101 will be forwarded on request 


ADVANCE COMPONENTS LIMITED 


INSTRUMENT DIVISION 


ROEBUCK ROAD * HAINAULT « ILFORD « ESSEX » TELEPHONE HAINAULT 4444 


IT/Aa 
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“ Just look at this list *... RADIOVISOR SMOKE 
DENSITY CONTROL EQUIPMENT MUST 


CERTAINLY DO ITS JOB WELL...” 


* GUINNESS 
FORD 
MONSANTO 
1.C.l. 

ILFORD 


VA 


. .. and these are just a few of the many well-known 
Companies who use Radiovisor Smoke Density Indicators and Recorders 


for efficient combustion and to comply with the Clean Air Act. 


Telephone or write for full particulars to :- 


RADIOVISOR PARENT LIMITED 
STANHOPE WORKS, HIGH PATH, LONDON, S.W.19 
Telephone: CHErrywood 335! Telegrams: Radivisor London S.W.19 


<i 
RADIOVISOR 
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SOLENOID 
VALVES 


—illustrated is the 
Type DF high-performance 
valve suitable for use over a 
wide range of pressures 
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A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 
. » » With universal fixing centres 





Delivery 
from 
stock 














For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 


* CORE: Wound from acontinuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 

%* INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 

* = WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde me a 
resin type, giving good space factor, exceptionally high Write for list 615A 
abrasion resistance and prolonged heating resistance. giving full technical 

- ae qi . : details of this and other 

* FRAME: Of die cast aluminium, incorporating long spindle models in the Rotary 
bearings and mounting feet to ensure accuracy and rigidity Regavolt range. 
of the mechanism in relation to the fixing holes. 





%* BRUSHES: The brushes are of a special carbon for its 7S SeSTE Seemann a CO, ETD, 
contact resistance characteristics, shaped to_give minimum Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 






loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25 years 
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That’s how it is just now—but, in the 
end, the thrush has the greater pull 
and if it were possible to connect 
their efforts to a P & G differential 
pressure gauge, the difference would 
be evident at once. 





This P & G pressure gauge finds 
many applications in industry for 
measuring pressure differentials and is 
representative of the many P & G 
gauges and industrial instruments for 
special applications. 


We shall be pleased to advise on 
your particular requirements. 





TUDOR WORKS - WINDMILL LANE 


SMETHWICK - BIRMINGHAM 
SM/PG.4470 
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This is a PYE 








This Slash maintenance costs. 
Eliminate special precautions 
1 against overloads. 
iS Give you local or remote control 
positively, simply and precisely. 
A TASC master (Torque) gives you 
what full control between zero and rated 
torque. 









TAS Clunit 


TORQUE AND SPEED CONTROL 


TAS Clhunit 





TORQUE AMD SPEED CONTROL 





A TASC master (speed) gives you a 
can 20:1 speed range with good regula- 
tion, a smooth and fast take up and 
d no cogging. With full torque avail- 
0 able over the entire speed range. 
A TASC master (special) can be 
devised to give you 50:1 speed 
range. 





















ASS 
s + STATIONARY MAGNE TISING MAGNETIC FIELD 
th COM 

sia what the 
ull 
, TAS Ch uni 

ial AS Ci unt 
vould TORQUE AND SPEED CONTROL 
for The TASC unit is a new application of the Faraday The TASC Unit is unaffected by stall-down on output 

; disc principle. , no sliprings or brushes—low output inertia—no out- 

and is It consists of two independently rotating members of-balance forces—sealed bearings—sizes from 1/4 
G magnetically linked by the field from a fixed coil. The to 10 h.p. 

, transmitted torque is proportional to the coil current. 
is for It is thus an inherently controlled torque device. 






ee 
TAS Clunit 


TORQUE AND SPEED CONTROL 


UNE, ick onisaeziginaies sasekgandeughaatadledadastqesnedmsanekeaweaarececoueenen PYE ELECTRIC LTD. (LOWESTOFT DIVISION) \ 
RD scswecdcasedescktncdbsndivtunbbseianintdlbiciadicibiiditiialesiiiials OULTON WORKS, LOWESTOFT, ENGLAND 
shbnsabiesniaiteiven sibintedeiceeadetenttgacsnenteaed sesnbconned Telephone: Lowestoft 1900 Telegrams: Pylec Lowestoft 


Find out more about the 


This coupon with your company letterhead will bring you full technical 
details and a demonstration at your works if you require it. 
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Used in the manufacture of 
Glass-to-Metal Seals, Valve 
Bases, Transistors, Rectifiers, 
etc. Preforms can be supplied 
in all shapes and sizes for iron, 
kovar, copper and dumet seal- 
ing. We guarantee uniform 
quality, precise tolerances, effi- 
cient production in any quantity, 
and rapid deliveries. 


MANSOL - 
PREFORMS 


Stand on 
their own 



















All enquiries to: 


MANSOL 


(Great Britain) LTD 


HOLLANDS ROAD, 
HAVERHILL, SUFFOLK 
Tel.: Haverhill 441-2-3 
































Your guarantee of satisfaction 





Always refer to the 


STANLEY 


“A” EDITION CATALOGUE 


The “Stanley” range comprises all that is best in:— 


Surveying Instruments and Equipment, 
Drawing Instruments. 

Drawing Office Equipment. 

Drafting Machines, Drawing Scales. 
Mathematical Instruments :— 

Planimeters, Integrators, Integraphs, 
Harmonic Analysers, etc. 


Copies of the “A” Catalogue will be sent on request (Con.Al) 





Head Office & 


Main Works: NEW ELTHAM, LONDON, S.E.9 


Phone: ELTham 3836. Grams: “Turnstile” Souphone London 


Showrooms:— 
78/80 High Holborn, London, W.C.1 (Phone: HOLborn 2684) 
Branches :— 
. F. . Limited. 7 Railway Approach, London Bridge, London, S.E.1 (HOP 0871/2) 
W. F. STANLEY & Co. Limited 52 Bothwell Street, Glasgow, C.2 ‘(Central 7130) 
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Speed is the need in Printed Circuits 








B 















| 

































R Il 


Write for full details 
and samples to 


BRIBOND LIMITED 


Burgess Hill, Sussex 
Telephone: Burgess Hill 85611 
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R | BON >» print circuits faster 


The Printed Circuit is rapidly becoming established assembly 
practice in every field of electro-mechanics. Meeting this 
increasing demand takes specialist production such as only 
Bribond offers. Bribond manufacture circuits complete from 
design to finished board, and every stage is organised on modern 
line production methods providing outputs of any quantity. And 
each individual circuit is subjected to three critical inspections. 
This is increased when the copper is plated with either rhodium, 
silver, or gold. 


R | [iB IN ID make prototypes quicker 


The prototype department is at the service of all Bribond custo- 
mers. It can produce within 48 hours or less, the initial circuit 
from which future production can be planned. All that is needed 
is a clean circuit image from which reproduction can be made. 
Where desired, and time permits, the whole of this work can be 
carried out in our drawing office. Bribond recognise that quick 
prototypes—whether for complete units or small sub-assemblies— 
are essential in these highly competitive days when anything that 
shortens the time-lag between drawing board and production 
can mean a big reduction in marketing costs. 


N ID maintain prompt deliveries 


Bribond have organised production to guarantee prompt delivery 
of customer’s requirements. Consultation and planning of any 
form of printed circuit—double sided, component notated, flexible, 
flush surfaced, plated, etc.—is freely offered and your enquiry is 
invited. 
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more | 
and more 
people are 
~ using.. 


TAG 
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REMOTE 
CONTROL 


Some people aim 
for the moon... 
we aim to solve 
your problems 


Wherever a high grade and secure fixing 
is required for cables, tubes or 
components, Insuloid Cable Clips will 

» be tound. 

> Every year more and more millions 





concernin g of Insuloid NX, CY and X type clips 
==.» are supplied all over the world 
REMOTE NX CLIP to Radio, Electronic, Switchgear, 
‘ Made from the highest | Domestic Appliances, Aircraft, Marine 
CONTROL a oe airats,  Bngineering, Atomic Energy, 
or POWER light, in sizes tin. to 1 Electrical Contracting, and 
TRANSMISSION * oe easersnne _ Laboratory Equipment manufacturing 










$ industries. 

_ That’s real proof of satisfaction and 
@ Our engineering service in all climatic conditions. 
staff will welcome 
the opportunity of 


co-operating with you. é 
cy CLIP 


For dual cable runs in 

Seventeen sizes, anges 

Osa @ e cable hae in ihe iim 
Wish: THE bmi = RING LOCK BUSH 





FIRST NAME IN evs beemscy nian 
FLEXIBLE SHAFTS 


Insuloid simple snap-on finger 
action is as quick as a thought | 
and once it’s fixed it stays 7 
fixed, guarantecing no chafing, | 
and no tools are required 
whatsoever. 


THE S. S. WHITE DENTAL Insuloid Ring Lock Bush is © . 


, er eet , non-metallic, fully tropical, 

MFG. CO. G.B.) LTD. x CLIP ihe high dielectric, is approved by ¥ 
Manufactured in high- all services and is completely 

INDUSTRIAL DIVISION est — hard P.V.C. secure under all working i 













: . in twenty-five different conditions. Another Insuloid 
Britannia Works, sizes from % in. inside time - and - money - saving ) 
diameter to 2 in. inside component. ; 


St. Pancras Way, London, diameter to cover the 





smallest and _ largest 
N.W.1 wiring runs. OTHER INSULOID PRODUCTS 
EUSton 5393 Send for fully AS adjustable saddles, Plasklip, 


—e aoe , SAS. single screw _ Busbar insulation, 
covering a range o, : rs " 

Insuloid| Cable Clips adjustable saddles, Flexiguard Cubicle- 
and Ring Lock Bushes Cradleclip, to-door Cable 


today. Trunking. 


INSULOID MANUFACTURING CO. LTD. 


| Sharston Works, Leaston Avenue, Wythenshawe, 
Manchester. Tel: WYT. 2842 & 3163. 
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BRISTOL AIRCRAFT LTD., 
DATA PROCESSING 
EQUIPMENT HOUSED IN 
HASSETT & HARPER CABINETS 


Our illustration shows Hassett & Harper Cabinets 
housing Telemetry Data Processing Equipment, 
designed and developed by Bristol Aircraft Ltd., under 
a Ministry of Aviation Contract. 

Choice of our units for this major development was 
influenced by Bristol’s successful experience over a 
number of years with Hassett & Harper racks for 
special electronic installations. The excellent standard 
of manufacture and adherence to delivery dates for 
which Hassett & Harper are noted have been of 
considerable value in the completion of this data 
processing facility. 
































ns 
clips 


Hassett & Harper produce a range of standard cabinets, 
all variable within wide and flexible limits. 

These meet most requirements, while for very 
unusual applications, custom-built ‘specials’ are some- 
thing our engineers are delighted to produce. Ministry 
K114 Standard is regularly adhered to. 


May we supply you with our literature ? 





Hassett é Harper r 


REGENT PLACE - BIRMINGHAM 1 


lip, Telephone: CENtral 6418 


ion, 
icle- 
ible 

cing. 





See us on STAND No. R832 
INSTRUMENTS, ELECTRONICS AND 


AUTOMATION EXHIBITION 1 GREAT CUMBERLAND PLACE - LONDON W.1 
Olympia, May 23-28 Telephone : Paddington 4691 


LONDON SHOWROOMS 
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FLUOROSINT 


ROD 1UBE TAPE eS ae Ter Oe em ee We Sa 


A NEW FLUOROCARBON 
TFE BASE PRODUCT 

with improved mechanical 
and thermal properties 


Extensive research has produced a new TFE base material ] 
with the following outstanding characteristics: 


* low thermal expansion only one sixth that of PTFE POLYPENCO 
write for 
* exceptionally close moulding tolerances ——______... _ further detalis to: 
ai cain TRADEMARK 
chemical and electrical properties similar to PTFE Stand Q709A 
* «74 | POLYPENCO LIMITED 
*” excellent friction and wear characteristics Instruments, 68-70 Tewin Road, 


Electronics and Welwyn Garden City, Herts. 


greater stability against thermal shock Automation 
Exhibition Telephone: Welwyn Garden 5581-3 


FLUOROSINT is a trademark — patents pending. AID & ARB APPROVED. 








@ No rubbing contacts 

@ Only one moving part —a glass disk 
@ Low torque 

@ Low moment of inertia 

@ Long Life 

@ Only 3in. in diameter 


Optical digitizers are 
RELIABLE! 


98 ST PANCRAS WAY :- LONDON -: NW1 
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It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


One order on Plessey for a complete assembly — or set of 
assemblies — means only one supplier to progress — only one item to be 
dealt with by the various departments concerned. 


Let us begin at the beginning 


In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 
in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 


~~ 


——— WIRING & CONNECTORS DIVISION 


Pl | THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON - WILTS 
essey Telephone: Swindon 6251 


Overseas Sales Organisation: Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 


FE} Cw WA 
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ON STAND F270 


AT THE 1.E.A. EXHIBITION, OLYMPIA, 23-28 MAY 
A DISPLAY OF CONTROL COMPONENTS 
AND EQUIPMENT BY 


RICHARD HIRCHMANN 
Plugs, Sockets, Terminals and Aerials 


E.R.G. 
Neon and filament Signal Lamps for mains and low voltage appli- 
cations. Fluorescent neon signal lamps for 200—5S00v. 


EFEN 
Fuses and Fuse Holders. 
Signal types, delayed action and high voltage. 


TE-KA-DE 

Semi-conductor products. 

Transistors, Diodes, Copper Rectifiers and Modulators. 

Closed circuit television equipment, VHF communication equipment. 
Automatic telephones. 


NEOFLEX LTD JAUTZ 
Push Buttons, light and heavy duty. 


123A NEASDEN LANE Signal lamp holders and mosaic types. 
LONDON, N.W.10 HEUCKE 


Tel: GLA 2718/4075 Measuring instruments for radio and T/v. 

















\ Wd ver 500 


combinations of termination 
\ now available! 


INSULATED 


HIGH-VOLTAGE 


TERMINALS 


1.E.A. Exhibition: Visit our Stand E205 


ct ELECTRO METHODS LTD., Electrical Connector Division, 
contac HITCHIN ST., BIGGLESWADE, BEDS. : Biggleswade 2086 (3 lines) 


Vr LTD s5555oo™ 


Tick No 166 on reply card for further details CONTROL May 1960 




















































These 3 
outstanding 


uniselectors 
provide long life 
and reliability 

in operation 





The high speed motor uniselector 


has an availability of 52 outlets in a half 
revolution with up to 16 parallel channels, 
and is capable of high speed search if 
required. It is also suitable for scanning 
and other coilection functions, or for the 
routing of information to a multitude of 
points. It can be brought to rest at any 
desired outlet by means of simple circuitry, 
and a homing drive is provided so that it 
can be readily restored to the normal 
position. Arrangements can also be made 
for step-by-step working. 








The digit switch 


is specifically designed for step-by-step 
operation in response to impulses, and has 
an availability of 12 outlets with 8 parallel 
channels. It may be used to set up a 
marking condition for the control of the 
Motor Uniselector. 





The miniature uniselector 
is a compact switch of unique design which 
occupies no more space than a standard 
3000-type relay. It has an availability of 
12 outlets with 3 parallel channels. A great 
advantage is that it incorporates a plug-in 
type of mounting so that the entire device 
can be removed and replaced without 
detaching any soldered connections. 





Full technical information will gladly be supplied on application 
ASSOCIATED ELECTRICAL INDUSTRIES LTD., 
Telecommunications Division 

Telephone Apparatus Department, 









n, 
s) Woolwich, London, S.E.18 
Telephone Woolwich 2020 Ext. 326 





°D 7/3 TA 2139 
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Top illustration shows the clip greatly 
enlarged whilst the lower picture 
shows the clip actual size and also 
the method of fixing. 






AS acknowledged leaders in the 
automatic resistance welding field, 
British Federal have a very wide 
experience of specialised control 
equipment. 

The Company’s considerable 
resources in design manufacture 
are now available to industry 
generally, for the production of 
special purpose electric and elec- 
tronic control equipment. 

This covers the control not 
only of welding machines, but of 
motors, machine tools, conveyors 
and all types of automatic trans- 
fer equipment, and it also includes 
semi-standard panels which can 
be tailored to suit a wide variety 
of specific applications. 
















has considerable experience in 
industrial problems. 
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THE LEWIS SPRING CO. LTD., Resilient Works, 
London Office: 


ALL TYPES RESISTANCE WELDING MACHINES 
BRITISH FEDERAL WELDER & MACHINE CO. LTD. CASTLE MILL WORKS, DUDLEY, WORCS. TELEPHONE DUDLEY 54701 


TRANSISTOR CLIPS 


in Beryllium Copper 


(Patent and Type Approval applied for) 


Of compact design, and taking 
up no more foom than the 
Transistor itself, these Clips, 
manufactured from Beryllium 
Copper and formed soastoassist 
heat dissipation, are designed 
to suit cylindrical Transistors 
such as the Mullard OC.72 for 
fixing horizontally to printed 
circuit boards. 


Send 2/6 P.O. for our 40 page booklet on spring design with full technical data. 


Fully synchronous electronic 
welding control pillar, incor- 
porating phase shift heat contro! 
features, synchronous timing and 
automatic current control with 
voltage compensation. 


British kedevak 


The British Federal Welder and Machine Co. Ltd. manufactures 
a comprehensive range of welding gear and allied equipment and 
applying welding methods to 


products for the Electronics Industry 








Pressure on the terminal 
cap opens the transverse 
hole and allows the wire or 
pin to be inserted. Release 
pressure and wire or pin is 
firmly held in position. 


for Reliability . . 


Redditch. 
122 High Holborn, W.C.1. 


Speciai high voltage control 
and manufac- 


unit designed 
tured for a Midland Com- 


pany and 
Processing. 









It is an invaluable reference for your design department. 


SPRING LOADED 
WIRING TERMINAL 


Designed for mounting on panels 
up to ¢” thick, the terminal accepts 
wire ends or pins up to 4” diameter 
and provides a quick and simple 
connection, secure and proof 
against vibration. Terminals are 
available from stock with Black 
or Red Thermo-plastic fittings or 
other colours to order. 


Ratings :—Current 5 amp. Test 
Voltage 1000 V., with 
contact resistance. 
(Patent and Type 
Approval applied for). 















LEAVE IT TO 
a 


CUTS 


OF REDDITCH 
SPRINGS, PRESSWORK 
AND WIRE FORMS TO 
FINE LIMITS 

































Type WFO/1. A 3-stage 
electronic sequence timer 
available in a_ wide 
variety of models and 
ranges. 






















on Magnet 





AUTOMATIC AND MANUAL CONTROL . JIGS, TOOLS AND FIXTURES 
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Take the best in Constant Voltage 
Transformer design and practice... 
maintain all those features proven by 
years “in the field” . . . and still greater 
efficiency . . . reduce size and weight . . . 
and then drastically cut the cost — and 
you have the new “VOLSTAT?’ CV Series. 
Models now available with output 
capacities of 25, 50, 75 and 100 watts and 
range of outputs from 6 to 240 volts— 
all providing assured output voltage 
regulation within + 1% for innut 
variations of up to + 15%. 


BN ea fe ate hs ede 


Le OPA rr LS IZ 








tc. 








with the rrew Cv Series 


VOLSTAT 


CONSTANT VOLTAGE TRANSFORMERS 


WEIGHT REDUCED by over 25% 
SIZE REDUCED by 40%, 


(~~ 
STRAY FIELD REDUCED by over 75%, I GK >) 
OPERATE AT ANY LOAD from ‘NO LOAD’ Lx s 


to ‘FULL LOAD’ 
WILL OPERATE CONTINUOUSLY AT 
AMBIENT TEMPERATURES from —10 to +50°C 


——o 


EXHIBITION 
STAND NO, C107 






















They cost less too!—Here’s an example 


MODEL CV.25/E MODEL MT.281/E 
Input Voltage ee» 190-260V 190-260V 





Output Voltage on OE 6év 
Output Capacity ... 25W 25wW 
Dimensions ... ... 5) x 3))” x 4}” ae’ ws 6 
Weight eee 7 Ib. 
£6. 5. 0. £8. 0. 0. 





Nett prices in U.K. 






Full details in Folder M63 available on request. 


Advance COMPONENTS LIMITED 


ees MAINS STABILIZATION DIVISION Do) iT 
NORBUCK ROAD + HAINAULT + ILFORD + ESSEX* TELEPHONE: HAINAULT ###* @ © © © © © @ @ © © 6 6 6 e®*eee?es ee 
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NUCLEAR 
hock INSTRUMENTATION CHEMICAL 


ELECTRONIC 


LABORATORY 
fock CONDUCTIVITY BRIDGE 
LS TS 


This mains-operated instrument has a bridge frequency 
of 1500 c/s, and covers the very wide range of 0.05 to 
| x 10° micro mhos in seven ranges. 


A portable fully -transistorised 
bridge is also available. It covers 
the range of 0.5 to I x 10° micro 
mhos in six ranges. 


A. M. LOCK & CO. LTD. 


79 UNION STREET, 
OLDHAM, LANCASHIRE 


Tel.: MAIN 6744 


CW 6886 


FRIEDLAND 


industrial bells 


The bell illustrated is model 8/225/120, 8” gong, suitable 
for connection direct to AC mains. Write for leaflet giving 
full specifications of the complete range. 


V&E FRIEDLAND LTD Macclesfield Cheshire 
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Iimtroducinsg. 


CLARE 



















6886 


Type F 
MINIATURE RELAY 


The remarkable CLARE postage-stamp-sized, high efficiency relay has 
been designed for—and is used in— guided missiles and similar airborne 
equipment where absolute dependability under arduous conditions must be 


provided with the greatest possible saving of weight and space. It has 








Size : 
0.875 in. X 0.8 in. 


X 0.396 in. 2-pole changeover contacts rated for 1 Amp at 28V d.c. or 115V a.c. 

Weight: 0.52 oz. Over 143 models of the type F relay are available in 12 standard coil 
Operating power : voltages from 6.3 to 110V d.c. in various mounting arrangements. A typical 
250 mW nominal. type F relay of 26.5V has a 675 ohm coil and a minimum operating current 
Pickup: 3.5 mS: of 19 mA, with brackets or 6BA stud fixing and solder hooks or 3 in. lead 


connectors. Please write or telephone for the Clare Type F Relay Sales 


Dropout: 1.5 mS. Engineering Bulletin No. 124-1, which gives the full technical specification. 


Ambient temp: 
—65°C to + 125°C. 


Vibrations : 

‘seuinad @, P, CLARE LIMITED 
75-2000 c/s at 20 G. 

Hermetically Sealed : 70 Dudden Hill Lane, London NW10 WILlesden 5141 

A.1.D. & A.R.B. approval. A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 


Clare relays are made in the United Kingdom under licence from C. P. Clare & Co., Chicago, U.S.A. 
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HIGHEST PERFORMANCE — LOWEST COST 
pe navicanD TORQUE MOTORS - senics 2 


Compact, Light, Precision-Built: Suitable for Industrial, Aviation and Missile applications. 


The following are characteristics of a typical model from the wide range of 
de Havilland torque motors :— 


(i) Maximum deflection + 0°15 radians (17° total) 

(ii) Maximum torque 1,500 gm. cm. in central position 

(iii) Deflection sensitivity 0°0092 radians/mA (differential excitation ) 
(iv) Torque sensitivity 7°6 gm. cm/mA (differential excitation ) 

(v) Hysteresis less than 1°5°% of amplitude 


(vi) Threshold Resolution (Friction Level) — torque motor responds to 
0°1°% of full scale current 


(vii) Natural frequency approximately 500 c/s 

(viii) Windings — 2 coils, 510 ohms each 

(ix) Vacuum impregnated 1000V insulation 

(x) Weight 4°5 oz. 

This model has an impedance suitable for differential magnetic amplifier drive 
and is intended for driving a low stiffness load. 

The unit is also available with windings from 10 ohms to 8,500 ohms 


per coil to suit other types of driver amplifier. : 
In addition, models with the following special features are available:— 


(a) Outputs up to 2,500 gm. cm. torque with + 9° travel 
(b) Hysteresis below 0°7% 
(d) Calibrated as a velocity pick-off having a sensitivity of 6v/radian/sec. 


de Havilland Propellers will be pleased to give further information and 
advice on the use of these torque motors. 


DE HAVILLAND PROPELLERS LIMITED industria sates) 


Hatfield, Herts. Tel: Hatfield 2300, Extn. 606 








tae 


PF. PRINTED CIRCUITS 
LIMITED 


STAND B71 


INTERNATIONAL INSTRUMENTS, ELECTRONICS & AUTOMATION EXHIBITION 
OLYMPIA, MAY 23-28 









VACTITE WIRE COMPANY LIMITED THE LONDON ELECTRIC WIRE COMPANY a Dia ee ee Me Less) 
PEM OD RY ROC MeL nea?) MTEL CLL Td Uae 
SALFORD ele: EYTON - LONDON - E.! le tae aha del?) em 





Resistance Wires and Tapes Insulated Wires & Strips, Enamelled Copper Etched Wiring Circuits 
Molybdenum Rods, Wires and Tapes LEWMEX, Textile, Glass, Asbestos and Single & double-sided, flexible & rigid, 
Special Wires for Lamps, Valves & Tubes Combined Coverings for Industrial and Electronic applications 


TS 
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White and Riches Ltd 


—specify | WARMS A/C or D/C COMPUTING UNITS AND SYSTEMS 


for research, development and production in the fields 
of AUTOMATION, AERONAUTICS, MISSILES and SATELLITES 


to enable complex non-linear problems to be 


analogued with these advantages 
RELIABILITY, REPEATABILITY, FLEXIBILITY, HIGH RESOLUTION, 


FAST RESPONSE and HIGH UTILISATION 


The full range of units includes E/M SERVO, 
SERVO AMPLIFIER « LINE AMPLIFIER - RESOLVER AMPLIFIER 


+ White And Riches Modular Systems 


INERTIA SWITCH LTD 


offer a wide range of acceleration-sensitive devices. 
PULSE OUTPUT UNITS - SHOCK INDICATORS - OVERSPEED CONTROLS 


SWITCHES - 
GAS RELEASE VALVES + DEVICES DESIGNED TO YOUR SPECIFICATIONS 


* Axial, radial or rotary response. Momentary or holding contacts. 


Provision for adjustment or resetting. 


* Wide sensitivity range from -05g to 500g. 
Quick acting or damped to reduce sensitivity to superimposed vibration 


* Stability, accuracy and reliability assured by inherent simplicity of design 
and use of high quality materials 


White and Riches Ltd : CHAncery 4037 
Head Office: 121 KINGSWAY, W.C.2 Telephone 
Inertia Switch Ltd : CHAncery 3759 
Works: VICTORIA ROAD, BURGESS HILL, SUSSEX Telephone : BurGEss Hitt 85661 
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VIBRATION TESTING 


mE mee 
X-Y recorder 


LABORATORY 


Quick delivery 


Price £375 
Unconditionally guaranteed 


for one year This photograph shows part of our 


highly equipped Vibration Test Labor- 

eee atory in one of our London Factories. 
t tt signed t aw curve: : . : 
ee reer ee eee ee Manned by experienced Vibration 
in Cartesian coordinates on regular 
8} X11 graph paper. It employs engineers, we can undertake tests for 
conventional chopper amplifiers, 2- customers who may be unable to 
phase motors and a potentiometer carry out their own tests—either their 
rebalance. Reference voltages are own equipment is heavily committed 
furnished by mercury cells. Control . 

= : or not available. 

panel has zero set and continuously- 
variable attenuator for each axis. * All enquiries to Vibration Test Laboratory, please. 
Separate standby and power switches 
are provided. The two axes are 

: ; i designers and 
electrically and mechanically : 
4 . : | manufacturers of 
independent. By moving an internal 
jumper lead, a high impedance 
potentiometer input can be made 
available. 


Limit of error better than 0.5%, 


The HR-92 is a null-seeking servo- 


amplifiers and 
vibrators for 
modern industry. 


W. BRYAN SAVAGE LTD 


17 Stratton Street, London, W.1 


SCIENTIFIC FURNISHINGS LTD Telephone : Grosvenor 1926 


POYNTON CHESHIRE 
Telephone: Poynton 2815/2776 DaS560C 
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Thorn read-out systems 


for digital computors 


EDGE-LIT INDICATOR 


Simple unit structure, easy relamping, robust in-line solder tag 
connections, 12 circuits. Display includes numerals 0—9 with 
decimal point (which may be illuminated with two lamps) or 
with plus and minus signs. Thorn Midget Panel Lamps, in 
voltage ratings of 28, 12, 6 or 4 (AC-DC) are used to illuminate 
the characters. Can be supplied separately or with ancillary 


relay equipment for complete readout system. Overall dimen- 
sions 14" deep x 43” long x 12” wide. 















BLOCK 
ROLUMINESCENT INDICATOR 
The device is a slim ~~ 
plate with an array © ; 
onl j “ a aaae circuit 
ised fr 
Sone to the rear face. 







POSE AS nn OOOO 















as a sepa 

of acomplete cr 
rall dimen cee 

2500" x 3.000" x 265". 


MULTIPLE LAMPHOLDER 


When mounted in banks, the Thorn Multiple Lampholder (below) pro- 
vides a clear legible read-out through variation inthe pattern of illuminated 
Midget Panel Lamps. The bank of Lampholders can be overlayed with a 
sheet of “Plasteck” on which the desired characters are engraved—each 
character lining up with one filament. The cut-away illustration (left) 
shows the read-out system provided 
by this arrangement. Overall dimen- 
sions: — 0.430" x 2.475” x 1.250” inc. 
terminals. 















— 
\Thorn THORN ELECTRICAL INDUSTRIES LIMITED AIRCRAFT COMPONENTS & CONNECTOR DIVISION 
GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX TEL: ENFIFIUD 5353 
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a 
Qing Y Slo — 
FOR THE DRAWING OFFICE 


PRECISION DRAFTING—with the NIKE/JENNY 
Assembly — fully adjustable and balanced — easier 
to use— the NIKE saves both TIME and SPACE — 
with 360° protractor head — steel band construc- 
tion — balanced counterweight — full board cover- 
age — the JENNY Drafting Machine is as light as a 
feather in use and a Precision Instrument. 


The GABS High Capacity Suspended Pian 
Filing System has been designed to provide 
—maximum capacity in any given floor area 
— with the facility to find and extract any 
one drawing easily and quickly — and 


to provide drawing protection. In six 
STAN D R822 Models with capacities up to 3500 sheets 
40” x 30”. 
1.E.A. EXHIBITION 


1 EES: 


CROUCH STREET COLCHESTER + Telephone COLCHESTER 3874 





‘DIAMOND H 


SERIES B.R. & B.S. 


4 POLE DOUBLE THROW RE LAYS 


MINIATURE-HERMETICALLY SEALED FOR HIGH PERFORMANCE AND 


CONTACT Up to 10A 30V DC and 115V AC resistive also dry 
RATINGS: circuit and other special ratings on application. 


TEMPERA- SERIES BR — 65°C to + 200°C Max. 
TURE RANGE: SERIES BS — 65°C to + 125°C Max. 


VIBRATION & Up to 8000 CPS in excess of 20G’S 
SHOCK: Mechanical shock in excess of 1000G'S 
OPERATING Less than 19 to 50,0002 On type BS coils are 
COILS: separately sealed hermetically within the sealed case. 
WEIGHT : 4 ozs. Max. 


MOUNTINGS : 10 different mountings including plug in and screw and 
stud terminal block available. 


General Purpose Relays, Polarised Relays also available 


DIAMOND H’ SWITCHES LIMITED. 
GUNNERSBURY AVENUE. CHISWICK, LONDON, w.<. 


Telephone: Chiswick 6444 Grams: Diamonhart Chisk, London 
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. . 80% of the work performed by the Z-g Diagraph is done 
TEN TIMES FASTER than on any other equipment. 
. . . Offers new approach to old problems with unequalled 
simplicity of operation in its field. 
Measures directly and rapidly any complex or simple impedance 
—from a TV antenna array to a transistor for VHF circuits. 


| 2-TERMINAL measurement 
Shows immediately the effect of experimental circuit adjustments. | 


Essential for rapid alignment of networks in production testing. 


Provides direct reading on interchangeable charts for 
R+jX, Impedance, admittance and phase angle 
Polar matching * Reflection coefficient and phase angle 
Attenuation/gain db., versus phase shift in four terminal 


networks 
Used by the Armed and Civil Services, and leading radio and 
electronic manufacturing engineers in Britain, European and 
American countries. 
Made by the foremost instrument manufacturers, Rohde & 
Schwarz, Munich. Demonstrations on request: Sole agents: 


4-TERMINAL measurement 


The ideal tool for research and develop- 
ment, eliminating lengthy and difficult 
calculations in 2-terminal and 4-terminal 


networks. 


AVELEY ELEGTRIC LIMITED 


SOUTH OCKENDON ESSEX Telephone: South Ockendon 3444 Telex: 24120 Avel/Ockendon 


P.4296 
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The Cambridge range of controllers extends from 4-inch dial 


thermometers with control contacts to comprehensive process- 
From CONTROL pl us Programme controllers for the co-ordination of series of operations. 


Applications TEMPERATURE + PRESSURE - HUMIDITY - pH 
to CONTROL mod est CONDUCTIVITY + GAS COMPOSITION - CALORIFIC VALUE OF GASES 











Types Non-indicating * Indicating - Recording 
Signal Transfer Medium ELECTRIC + PNEUMATIC + HYDRAULIC 


Control Modes ON-OFF (Single & Multipoint) 

FLOATING 

PROPORTIONAL (adjustable between 5%, and 600%) 
Measuring Elements MECHANICAL THERMOMETERS - THERMOCOUPLES 
RESISTANCE THERMOMETERS *- RADIATION PYROMETERS 
PRESSURE ELEMENTS (Bourdon Tube; Diaphragm types; Transducers) 


HUMIDITY (Goldbeaters’ Skin; Wet & Dry Bulb—Mechanical; Wet & Dry Bulb— 
resistance thermometers) 


pH (Glass Electrodes—Submersible or Continuous Flow) 
CONDUCTIVITY ELECTRODES - GAS KATHAROMETERS 


Gra CONTROLLERS 


INSTRUMENTS, ELECTRONICS & AUTOMATION EXHIBITION, OLYMPIA, MAY 23-28 1960, VISIT STAND 
No. F259. TICKETS AVAILABLE FROM CAMBRIDGE INSTRUMENT CO, LTD, 









Write for Lists CD. For future publications, ask for Mailing Form CD/3/60. 
CAMBRIDGE INSTRUMENT COMPANY LIMITED |3 Grosvenor Place, London, S.W.| 





ate 


A MEW OSCILLOSCOPE FOR R. & D. 
with high performance at low price 





@ Wide Band Amplifier DC.—6 Mc/S (3/db) 
sensitivity 100 mV/cm. 


@ Wide Range Time-Base |uS/cm—0.5 S/cm. 
VERNIER permits continuous adjustment of Sweep Time. 
@ Time and Voltage Calibration + 5% 
Continuous expansion gives 60 cm. trace length. 


@ Versatile Rock-Steady Sync. circuit 
Triggered, Repetitive or Auto. Internal or External. 
Trigger Level selection. 










@ Long Term Reliability 
ensured by efficient ventilation. 


3” Flat faced tube at 1.4KV 
Size 9” x 6%" x 13’ £65 
Weight 20 Ibs. 

@ Circular Polarising filter 
greatly improves contrast. 


Send for full technical leaflet or see us at the |.E.A. Exhibition, Olympia—Stand M.550. 





WAVEFORMS LTD., Radar Works, Wallisdown, Bournemouth, Hants. Tel: Winton 6606/7 
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ee 


Put (SK#>) in control 


wherever you need dependability and accuracy 


Resolving the conflicting demands of precision, compactness and reliability in instrumentation is a 
problem that Kelvin Hughes components can help you to solve. Many components, originally 
developed to meet the exacting conditions of aeronautical applications, are now released for integra- 
tion in specialised instrumentation systems. 


Use this technical advisory service 


Kelvin Hughes specialists are available to advise on the suitability of these components for specific 
applications, and consultation at preliminary design stage will prove advantageous. 





D.C. MOTORS 


Illustrated is the Kelvin Hughes D.C. 
Motor M30, Mark 1. Of high quality 
and manufactured for- long life, the 
range includes permanent magnet, 
shunt wound, precision governed, 
servo and tachogenerator types. Most 
of these may be supplied to naval, 
military and aviation specifications, 
and high altitude requirements can 
also be met. 





SOME OTHER KELVIN HUGHES COMPONENTS 


Sine-Cosine Potentiometers High accuracy combined with Pressure Capsules Absolute and Differential types in 
durability. Oil-filled and miniature types, with contacts phosphor-bronze or beryllium-copper and welded types 
and wire of precious metals. in alloys and stainless steels. Wide range of sizes. 

Miniature Slip Rings Compact and light in weight. Very Pressure Transducers With Shaft output. Precision types 
low frictional torque. Up to 22 ways. with force balance principle for measurement and control. 


Please write for further details 


KELVIN HUGHES Components for Instrumentation 


KELVIN & HUGHES LIMITED - NEW NORTH ROAD - BARKINGSIDE - ESSEX 


TGA KH 98 
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‘We strongly recommend... 





“The ever-widening field of Industrial Research requires more efficient and 
more accurate recording equipment, together with quicker methods of 
obtaining information. 

“This demand has been satisfied by the production of our new highly-sensitive 
multi-channel galvanometer recorders of improved designs to give instantaneous 
records of electrical, mechanical and physiological phenomena. 

“We are indebted to Kodak Ltd. who have produced a new “print-out” 
recording paper, called RP.12, which gives without processing, and in a few 
seconds, a visible image of good contrast. 

“We strongly recommend Kodak RP.12 recording paper for use with our 
equipment both at home and abroad.” 


J. Misrahi, 
Research Engineer, 
New Electronic Products Ltd. 








— 


Kodak RP. 12 Print-Out Recording Paper 


Full details from 






Kodak’ is a registered trade-mark Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 


*“ACCESS’ 


(Austin Cold-Cathode Electronic Switching system, made under 
licence from the Austin Motor Co. Ltd., and Hivac Ltd). 

Access, a static switching system using Cold-Cathode Tubes, 
possesses the advantage of self indication. 


MASTER CONTROL CUBICLE 


This control system is suitable for many 
applications including complex machine 
tool and conveyor installations. 








Write for Technical Literature. TYPICAL APPLICATION—METALWORKING TRANSFER MACHINE 


THE DONOVAN ELECTRICAL CO. LTD. 


(ELECTRONICS DIVISION) SAFUSE WORKS ~* NORTHCOTE ROAD + STECHFORD ~- BIRMINGHAM 33 
Telephone: STECHFORD 2277 (5 lines) . 
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The miniature 


Timing control panel 
photoelectric unit 


for a large sequence controller 


An ignition sequence 
and flame failure 
unit assembled and 
pre-wired into a 
complete controller 


A standard timer 
showing withdrawable chassis 


By usING an appropriate Elcontrol unit, the plant 
designer or user can in many cases make a big advance 
towards automatic control of his machine or process. 
The principal Elcontrol divisions deal with: 
1 Photoelectrics 
2 Flame failure and Burner Control. 
3 Process and Sequence Timing. 
4 Fluid Level Control. 
New types of unit for modern industrial needs are 
regularly added to our list, which now also includes, 
a utom ati or batch counting, electrical overload control, weight con- 
trol, and of course no end of specials for individual 
requirements. 


fhe te = b ~ & te If you are interested in applying automatic control 
we shall be glad to hear from you. 
Many units now available in flame-proof versions. 
Appointed Agents Telephone 
MIDLANDS: A. M. Lock & Co. Ltd., Newborough Rd., Solihull. Shirley 5703 


N. WEST: A. M. Lock & Co. Ltd., Union St., Oldham. Main 6744 
SCOTLAND: A. R. Bolton & Co., 3a St. Vincent St., Edinburgh 3. Caledonian 2065 


1ACHINE write to ELCONTROL LTD., HITCHIN, HERTS. Hitchin 241! 


ELCON TROL 
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For Precision _¢4\\~ 
Measurement J 
Across the Board 


POWER noe 
TELEPHONE: 


236 


PRESSURE 


> 
8 ee 
aes ome = 


There’s hardly a field of research or manufac- 
turing where the W & T Precision Dial Mano- 
meter doesn’t mean faster and more accurate 
pressure measurement at lower cost. It’s a direct 
reading aneroid type precision indicator in- 
dividually calibrated to your requirements and 
is equally suited for instrument calibration or 
test and operational studies. Leading automo- 
tive, aircraft and research organizations have 
found it invaluable for gas turbine testing, 
balance diaphragm torque and thrust stands, 
wind tunnel investigations and in many other 
fields where precise pressure measurement is 
required. 

Can your work use these characteristics of the 
Precision Dial Manometer ? 


mAMMMS . 4.5: up to 200 inches of Mercury 
MOUMESEVER YT 2562 6 ewes 1 part in 10,000 
UNE (bb cn 0s Gow 4. 1 part in 1,000 
EE ree 84” diameter 
ee ee 0) 45 inches 
CALIBRATION ... . any desired pressure 


graduation 


Write for full information to: 


INSTRUMENT DEPARTMENT 


WALLACE & 
ead 


LONDON W4 
Figi (10 LINES ) 
Pao) 





ri 
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SINE-COSINE POTS 


make computers compact 


These pots replace gears, cams in data con- 
verters and computers. They are low-inertia, 


low-torque, long-life, low-noise with special 


toroid winding. 


Condensed Specification 


Resistance 


20 KO per quadrant 
1% pk-pk into 1 MQ 
| GCM per gang 


Conformity 
Starting Torque 
Angular Accuracy....... + 0.15% 

600 RPM 

IE ceisiarinceseioccsadl 0.1 GCM? per gang 


Max. rated Speed 
Nominal Life 5 x 10° cycles 
Shockproof 


for details write to :— 


KYNMORE ENGINEERING CO. LTD 


19 Buckingham Street, London, W.C.2 


Data also available on other 
KYNMORE COMPUTER COMPONENTS 
eg. DIGITAL DIALS, 10-TURN POTS, HIGH 
SPEED ELECTROMAGNETIC CLUTCHES AND 
POTENTIOMETERS WITH BUILT-IN CLUTCHES 
AND POT-SERVOMOTOR MODULES 
Stand R801A at the 1.E.A. Exhibition 
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ANALOGUE 
COMPUTERS 


woe» SIMULATORS 


USE—AT LOW COST 





BOCCL tiem esses 
oye eh eae pc cet 
Stet ee ee 








ae 
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WRITE FOR DETAILS 
OF OUR NEW RANGE OF 
COMPONENTS 


ee 


AYLESBURY BUCKINGHAMSHIRE ENGLAND 


Telephone: Aylesbury 4611/7 Telegrams: Trainair Aylesbury Telex: 83130 
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whatever 
the 
tubing... 


your coupling problems are 
solved if you specify joints 
made by WADE. The unique 
seal makes these couplings gas 
tight and liquid tight, and 
capable of standing up to far 
higher pressures than any 
normally required. 
WADE Couplings are adapt- 
able to any joint required— 
straight, elbow, banjo, cross 
or tee. These are available fo1 
all standard size tubing. 
WADE Couplings dre versa- 
tile, as there are special types 
for plastic, copper, and plastic- 
and-copper. Equally suitable 
too for steel or bundy tubing. 

It will be a pleasure to send 
any type required for FREE 
TEST. Just write or phone to 
the address given below 


there's a 























to join it 





WADE COUPLINGS LTD. 
270 HIGH ROAD, ILFORD, ESSEX 
Tel: iLFord 1185-6-7 
























COCKBURNS ROCKWELL 





D.D. diaphragm valves 


Leak-proof control of 
Corrosives 
with positive shut-off 


The diaphragm seals gas or fluid within 
the valve body while the disc ensures 
positive closure, Losses during operation 
are prevented and complete safety is 
ensured with corrosive fluids or gases. 


Oversize port design greatly increases the 


capacity of the valve. 





Available with or without lining; corrosion 
resistant union ends allow the lining to come 
up over the face of the union. 


COCKBURNS LIMITED 


Cardonald, Glasgow, S.W.1 
Telephone: GOVan 2146/9 
Telegrams: Cockburns ’phone Glasgow 
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Standard Panels 


ai 


USES Tie ay 


We present our range of standard panels. 















10 gauge steel sheet flat panels, notched 33” x 7%” deep to take fixing 
screws at 18 7%” CRS, and 14 gauge steel sheet panels, 


notched as above, with panel returns 33”. 


Te ee ee 
ae i ee 
2 | hot oo) Se. ee 
Peur  | «7 | we | men | men | foi] ee, | 
. oe 
. 4d. 













12” 
4” 





. 8d. 
, : 14s. 
Peunm | | | wsou | er 3.08 | 100 100, | 
Tout | | my | at me. | cine | tm 0 [els A 
pun | ie ist sod. | 2 soa. | tas. sé [et 6s. ad. 
Taunt |_| 






¥ Illustrated is the Lunrac—a standard rack, rigidly constructed of 10 
gauge formed steel sections and easily adaptable to suit varying needs and 
specifications. For full details of this and other Lund products write to :— 





LUNDS of Wandsworth 


Bendon Valley, London, S.W.18. Tel.: Vandyke 7676/7/8 
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CROYDON PRECISION INSTRUMENT CO 


Manufacturers of :— 
THERMOCOUPLE POTENTIOMETERS 


PORTABLE POTENTIOMETERS 
VERNIER POTENTIOMETERS 
STANDARD RESISTANCES 
STRAIN GAUGE BRIDGES 
KELVIN BRIDGES 
AC-DC CONVERTORS 
INSTRUMENT SWITCHES 
THERMOCOUPLE SWITCHES 
DECADE RESISTANCE BOXES 
PORTABLE WHEATSTONE BRIDGES 


1.E.A. EXHIBITION STAND No. Q716 
HAMPTON ROAD, CROYDON, SURREY Telephone: THOrnton Heath 4025 












SAFEGUARD 


This equipment consists of a flow transmitter in 







the pipeline connected to a simple relay unit. 
It is designed to prevent damage resulting from 
a failure in the flow of a vital liquid. 


Flowguard is available for 4” to 3” bore pipes and for flow 
rates of from 0.5 to 100 galls. per minute. 


REMOTE FLOW SWITCHES FOR 





Write for illustrated brochure No. 102 


eee. 


Sol LU LE We ea a ace 


LONDEX LTD ANERLEY WORKS, LONDON, S.E.20 
Telephone: SYDenham 3111 
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ADVANTAGES. 
Simplicity and Economy. 
Minimum of Piping. 


No Performance deterioration 
through dirty fluid. 


Suitable for high or low temperature. 


STEERING GEAR 
WORM SHAFT OR CHAIN DRIVE TO STEERING © 


ie “DRIVE ~~ WHEEL AS PREFERRED BY SHIPYARD fT CLUTCH CONTROL 
Fe) " a ig uo 





: af 
/ & NOTE 6-4 "> 
35° : c 



















THROTTLE CONTROL 
BULKHEAD DOORS 
™ GB avo. VARIABLE PITCH PROPELLORS 





itter in UNIT 
MARINE STEERING GEAR UNIT eorven WALWE CONTROLS 
unit. 
1g from 
POWER STEERING 
MOBILE 
d for flow MACHINERY DEPTH CONTROLS 


LEVEL CONTROL 
TILT CONTROL 
LIFT CONTROL 


H.P. Actuators have been successfully applied to the following industries: | Our Specialist Team of ‘‘Control 
Atomic Submarines, Power Stations,.Control of Water Turbines, Engineers” will be pleased to 
Control in Steel Works, Control of Packaging, Woodworking and _— advise on all applications. 
Textile Machinery, etc. 


HYDRAULICS & PNUEMATICS LIMITED. 





te ee tt eS ee Ww oO VERHAMPT ON 3 TELEPHON 24456 
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Fluid measurement 
and control at Olympia 








Rate of Flow 


e INDICATORS 

e TRANSMITTERS 
e CONTROLLERS 
e@ ALARMS 





FROM simple and accurate 
glass tube Rotameters TO ver- 
satile and reliable transmitting 
Rotameters for flow control. 





TYPE 914 

Metric Series of general- 
purpose instruments, 
having interchangeable 
tubes, floats and gland 
packings—all ex. stock. 





G.29 ROTAMETER MANUFACTURING co. LTD. 





All process liquid confined to metal — 
floating magnet and hollow iron indicator bal 
these are the elements of the Ekstrom Liquid Level 
Indicator, essential for the SAFE level indication 
of corrosive or toxic liquids or liquefied gases 
under pressure. Adjustable electric or pneumatic 
alarm switches are available. 


Booklet C.C.2126/29 free on request, describes the 
Rotameter range of instruments. 








The R.M. Density Meter provides either 
a pneumatic or electric signal linearly 
related to density change. Slurries can 
be handled by the instrument, which 
detects density changes of the order of 
.002 gm/ ml. 





» 
: 


EXHIBITION 


STAND No. E210 


a hee seas Wines 


FLUID MEASUREMENT AND CONTROL Centre Gangway 





FLOW-DENSITY- LEVEL 


330 PURLEY WAY, CROYDON, SURREY Telephone: CROydon 3816 





NEW kos M 








ETERS 


Illustrated below is a selection from our comprehensive range of Electronic Test Equipment and Panel Meters. 


NEW MINIATURE 
EDGEWISE METER 


ACTUAL 
SIZE 





% MAXIMUM READABILITY * LIGHT 
%* MINIMUM PANEL SPACE WEIGHT 


A new miniature Edgewise Meter, Model 220, occupying 
approximately one quarter panel area compared with 
meters having equivalent scale lengths. Transparent case 
provides shadowless readings and design of the moulding 
allows room for self-contained circuitry and components. 
Our centre pole movement is incorporated, providing in- 
herent magnetic shielding, allowing meters to be mounted 
in close proximity. Comparative readings can be obtained 
by mounting two Edgewise Meters next to each other. 


details : 


CONTEMPORARY PANEL 
METERS 


A completely new 
range of modern 
style Panel Meters 
in 2”-6” mouldings 
incorporating our 
well established 
centre pole move- 
ment of extreme 
robustness. Cases 
available in various 
colours; _sensitivi- 
ties from 5 u.s. Very 
competitive prices. 





% OPEN SCALES % HIGH SENSITIVITY 
% MODERN DESIGN 


We also manufacture a wide range of Electronic pment inciuding: Valve Testers; 
Oscilloscopes; Generators; Valve Volt Saceerss  W 3 Audio Generators; 


Bridges, etc., as well as a wide selection of Panel Meters incorporating our rebust 
centre pole movement. See the range of Taylor equi on Stand P.655 
oS Se SEA, Galiiven ot Ol from May 23rd to 28th or write for full 
deta : 


TAYLOR ELECTRICAL INSTRUMENTS LIMITED 
MONTROSE AVENUE, SLOUGH, BUCKS. 
Member of the METAL INDUSTRIES Group of Companies 


Telephone : Slough 2138] Cables : Taylins, Slough 
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Teleflex Industrial Actuators solve many 
problems in the control of heavy loads. 
Remotely — electro-mechanically — simply 

— economically — accurately. 

Teleflex actuators for industrial remote control. 
Suitable for operating equipment which is 
normally inaccessible (valves, dampers etc). 












































TELEFLEX PRODUCTS LIMITED BASILDON ESSEX 


Telephone: Basildon 22861 Grams: TELEFLEX PHONE BASILDON 





=| Teleflex 








Slough 
Pe RE 
4254 
1960 CONTROL May 1960 Tick No 200 on reply card for further details 243 






















Tick No 201 on reply card for further details 


Tin rsip GY | PRECISION COMPONENT RESISTORS 





| with Resistance tolerance better than 0.1% 


Exceptionally compact and light in weight 
the Type 5206 resistor units of very high 
stability are hermetically sealed in metal 
cases, Designed for use where resistances 
up to 10 MQ are required, the units meet 
the specifications laid down in R.A.E. Spec. 
G.1177 and satisfy the tests described in 
Spec. R.C.S. 11. 






Rating: 500 V per Ma. 
Temperature coefficient: + 20 parts per 

million per °C at 
room temperature 
Time constant: Approximately 10-* seconds 
Max voltage: 500 V d.c. 








Write for full details to: 















H. TINSLEY & CO. LTD. | Werndee Hall, South Norwood, London, S.E.25 tel : Addiscombe 6046-8 


TY 2 





MORE PERMANENT CAPITAL 
IS WHAT YOU NEED — 


to finance new equipment, plant, machinery and buildings for 
your expansion and progress 


Capital for this purpose is provided 
both in the form of long term loans and share capital by 


UCFC) 


Write for the Annual Report (illustrated with progressive companies 
financed by ICFC) and the booklet ‘Capital for Business’ 


INDUSTRIAL & COMMERCIAL FINANCE CORPORATION LTD 


mecmamicar Shareholders: the English and Scottish Banks 
ExXHisition 





HEAD OFFICE: 7 Drapers’ Gardens, London EC2 Telephone: National 8621/5 


and Branches in Birmingham, Leicester, Manchester, Leeds and in Edinburgh 
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MICROSWITCHES 


Pye Microswitches are made in a full 
range of 116 basic types, for every kind 
of application, plus quantities of “specials” 
built to customers’ requirements. They 
use a special free-hinge movement 
which gives extremely long life, repeated 
switching at exactly the same point of 
travel. Pye Microswitches are tough and 
reliable — full details will be sent to you 
on request. 


JOYSTICK 
SELECTOR SWITCHES 


There are twenty-seven basic Pye Joystick 
Manual Sequence Controllers, from two 
to eight positions. This advance in sequence 
control technique is considerably less 
expensive than pushbuttons and their 
intermediate controls, and small space 
requirements keep panels tidy. 


TOGGLE SWITCHES 


These switches were designed to withstand 
the vibration and acceleration of modern 
aircraft — factors which are equally im- 
portant to industry. They can be supplied 
with either manual or self-cancelling 
movements, in a basic range of 45 types. 


Full details of all these switches are 
available on request from Pye Ltd. 
(Switch Division) or from Stand 
D.154 at the IEA Exhibition. 


PYE LTD SWITCH DIVISION - OTEHALL WORKS - BURGESS HILL - SUSSEX - ENGLAND 
Telephone: Burgess Hill 2791/2 
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PLAN your visit to 
LONDON «1, 


» ‘ 
23-28 MAY a RG 


Section through a typi- 
cal Kwik Joint coupling. 
——_ ing lever in un- 
position. 

An asians coupling 
for use with water, oil, 
petrol, steam, gas, com- 





















v \ 


\ 


" af] 
eon ; 
Necro 


AN 


exhi iti 






stainless steel. Working [ 

sures up 7. 250 psi. Please 
write leaflet. 

Single lever e for 100 psi 

. maxim: wm, Manufactured " 

$ in “ond 2 in, sizes only. 










COUPLINGS 


ADAPTOR 





over 500 exhibitors from 


SCREWED MALE 
OR FEMALE 


Austria Great Britain 
Belgium Holland 
Czechoslovakia Italy 
Denmark Poland 
East Germany Switzerland 
France United States 


West Germany 


OLYMPIA LONDON ome =per yan 
23-28 MAY 1960 











Open 10 a.m. - 6 p.m. daily Admission 5/- 
Season Ticket 10/- 





G 
BLANK CAP 






Further details from 
industrial Exhibitions Ltd., 
9 Argyll oa London, W.I. 


LARG EST 
IN THE WORLD (ivr nitester «1 


Telephone: CEN 6753/4 Grams; Bronze Manchester 






HARRISON| 
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* No larger than the average 
cuff-link 







j—.78” —2| 


ACTUAL SIZE 











% New mechanism has mechanical life 
of at least 10 million operations 
im fay 


ne iit at x Three types of solder terminals available 


\-4 4 Comprehensive range of auxiliary actuators 


BURGES 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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PRECISION 
BEARING 
MANUFACTURERS 


PRECISION BEARINGS 
Covering the field of “Very High Speed | 
to Very Low Torque” to ABEC 5and7 | 
tolerances and complying with 





Government and American 

Specifications, our bearings are used 

by the leading manufacturers of flight 
instruments and control units, computors, | 
cold air units synchros, servo motors, etc. | 


BEARING TORQUE 
TESTING INSTRUMENT 
Specifically designed to 
measure accurately the 
extremely low starting 
and running torques in 
precision bearings, this 
instrument has proved 
its reliability to . 
engineers through- § 
out the world. 





RADIAL PLAY GAUGE 
For measuring the radial 

play of a bearing under a 

specific reversing load. 





We also Manufacture: 


A SYNCHRO TORQUE TESTING INSTRUMENT for measuring the overall | 
friction and the electrical torque of assembled synchros. 


A BEARING WASHING MACHINE which provides a most effective and con- 
venient means of achieving the all-important cleanliness of precision bearings. 


Our Engineering Department is at your service to assist you 
in providing the best possible bearings for your application. 
E.I.D., A.R.B., APPROVED 


E.M.O INSTRUMENTATION LTD. 
Western Road ° Bracknell . Berkshire 
Telephone: Bracknell 675-7 Telegrams: PRECEMO, Brackneli 
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WHATEVER THE ANGLE 
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Pneumatic 
cylinders 
are right 


MARTONAIR LIMITED 
PARKSHOT - RICHMOND - SURREY 
Telephone: RiChmond 220! 


| 
| 
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HASLER 
80451 


30-WAY  16-LEVEL 


RELIABILITY 


UNISELECTORS by Hasler 


HASLER 
8050T 


12-WAY  16-LEVEL 


QUALITY 


HASLER 
92491 


12-WAY 2-LEVEL 
PLUG-IN 


HASLER TELEGRAPH WORKS LTD. 
26 VICTORIA STREET, LONDON, S.W.| 
ABBey 7575 
FOR 


UNISELECTORS : POLARISED RELAYS : TIMERS 
IMPULSE COUNTERS : SEMAPHORE INDICATORS : etc. 
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DIFFERENT 


— — to make possible 
otherwise impossible controls 








Many products and processes isolation - - 
Powered valves for automatic and remote which to-day are common- The diaphragm makes sure 
control can be supplied for pneumatic, hydraulic 
a place were impracticable closure and isolates delicate 
Valve specifications include cast iron, acid resist- 
ing bronze, aluminium, steel, vulcathene and before the advent of Saunders or dangerous fluids from the 
rubber, glass, lead and nylon lining. 
Diaphragms in numerous grades from the Diaphragm closure and mechanism 


simpler compounds for air and water to ptfe for 
highest chemical resistance. 


May we discuss your immediate control problems 
at the I.E.A. Exhibition, Olympia. STAND No. R 828 


SAUNDERS VALVE COMPANY LIMITED 
Diaphragm Valve Division - CWMBRAN + NEWPORT + MONMOUTHSHIRE 









The CHKROUOZET syncuronous TIMER 


WITH AUTOMATIC RE-SETTING 



















The Crouzet type 113 Timer is a panel mounting 
unit which is controllable by external switches or 
push buttons. 


All connections are brought to a simple radial 
terminal block permitting the realisation of many 
different schemes according to the application. 


Eleven different models are available giving a 
minimum time of 4 second and a maximum time 
of 26 hours. 


By virtue of the simplicity of external connections 
two or more units can readily be made to operate 
in sequence. 










The contacts are rated at 5 amps on 220V a.c. 


The diameter of the recess necessary for mounting 
on a panel is 105 m.m. and the total depth of the 
unit from clock face to base is 152 m.m. 


PRICE £11-10-0 







STAND 861 
1.—E.A. EXHIBITION 
OLYMPIA 






A.F.S. DEVELOPMENTS 


9 Church Road, Richmond, Surrey 
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South Eastern Gas Board 


ae qe 


7 





UNISELECTORS by Hasler 





A complete Instrumentation and Control System 
supplied and installed by Elliott for the Oil Gasifica- 
tion Plant of the South Eastern Gas Board, Isle of 
Grain, Kent. 





Elliott-Automation takes pride in serving another 








of Britain’s foremost industrial organisations. 


THE PROCESS CONTROL DIVISION 


ELLIOTT BROTHERS (LONDON) LTD 
Century Works, London, SEI3 








Rear view of the giant Control Panel. 


Ey A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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FOR AIR, 
GAS,WATER 
mm | OR STEAM 


PRESSURE REDUCING 
VALVES 


a 


; WILLIAMS & JAMES encinerrs LIMITED 


GLOUCI TER ENGLA 


THE BRYANS 
“X” & “Y” Co-ordinate Plotting Table 


CATALOGUE No. 1806 














@ A well-designed and robust instrument. 


@ A high degree of plotting accuracy is 
maintained with a good speed of 
response. 


@ Plotting area 15” x 10” on paper. 


For further details write to:— 


BRYANS AEROQUIPMENT 
LIMITED 


Specialists in precision measurement of pressure, 
temperature and speed. Design and production facilities 
available for test equipment and multiple panel building 
including electrical and electronic work. 





WILLOW LANE MITCHAM JUNCTION SURREY TELEPHONE: MITCHAM 5134 (5 LINES) 





252 





Tick No 215 on reply card for further details 1960 


CONTROL May 





THE GILBARCO FIRTH CLEVELAND TANK 
GAUGE is a highly sensitive electronic device for local 
and remote indication of the level of liquids—or liquid 
interfaces—in deep tanks of all shapes and sizes. It gives 
continuous readings of level for liquids of any specific 
gravity and it is accurate within a few thousandths of an 
inch—this is particularly important in tanks with a large 
free surface area. 

The instrument is suitable for use in hazardous areas 
and in extreme temperatures and it will operate data 
reduction or logging equipment. One remote indicator 


2HL SI SIHL 


5 
r 
j 


can be arranged to show the contents of up to 30 tanks 
in turn. 

Routine maintenance can be carried out without taking 
the tank out of service. 

These gauges are available to American Class 1 Group D 
Division 1 classification. We are shortly producing them 
to meet Buxton flameproof requirements. 

The range of Firth Cleveland Instruments includes 
Electrical, Mechanical and Hydrostatic Tank Gauges, 
Pressure Operated Switches, and Pressure Relief Valves. 
We shall be happy to send you full particulars. 


<9) 


Made under licence to Gilbert and Barker Mfg. Co., U.S.A. For full details write to: 


FIRTH CLEVELAND INSTRUMENTS LTD 


CO eue, HOUSE, CLEVELAND ROW, LONDON, S.W.I. TELEPHONE: WHITEHALL 2166 
A MEMBER OF THE FIRTH CLEVELAND GROUP 


Branches: BIRMINGHAM + MANCHESTER 
JOHANNESBURG + NAARDEN - MILAN 


* STOCKHOLM + COPENHAGEN ~- BALLARAT - 
* BRUSSELS * MANNHEIM and NEW YORK. 


SYDNEY 
CRC 29G 
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NOT 
IN 
THIS 
CASE! 


There are many ways of packing sensitive 

engineering items, from radio valves to large 
engineering assemblies but there is only one satisfactory 

method — scientific packing by EXPORT PACKING 
SERVICE. EPS ensure safe storage and safe arrival, thus 
reducing customer complaints and cutting costs. 


LET E.P.S. SCIENTIFICALLY SOLVE YOUR 
PACKING PROBLEMS 


may EXPORT PACKING SERVICE LTD 
i rs] E IMPERIAL BUILDING, 56 KINGSWAY, LONDON, W.C.2 
a 


Le 


Tel: CHAncery 5121-3 Grams: EXPAC WESTCENT LONDON 
Works at Sittingbourne and Chipping Warden near Banbury 








LEARN ABOUT THIS 
NEW CONCEPTION OF 
SMOOTH RUNNING... 


@ Even load distribution. Maximum 
300,000 r.p.m. 


permissible speed a 


@ All needles supplied to a tolerance 
of + 0.00004” on diameter. 


Head Office and Factory 
INA NEEDLE BEARINGS LTD. 


— C. Dafen, Lianelly. Tel: Lianelly 2056 
2681. Telex: 4816. 


Ina Bearings are manufactured in Great 
Britain, France and Western Germany. 
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FLAMEPROOF ENCLOSURES 


DAVIS of DERBY have specialised for many years in 
the manufacture of Buxton Certified Flameproof Enclosures 


F.L.P. Enclosures are available and Enclosures 
can be designed to individual requirements to 
cover Groups I, Il and Ill gas hazards 


A range of certified Intrinsically Safe Equipment for 
use in gassy atmospheres, including hydrogen, is available. 
Also Pneumatic Electric Lamps for safe lighting in 
dangerous atmospheres, and Signalling and Sequence 


control for conveyors, etc. Anemometers and Ventilation 
Instruments. 


JOHN DAVIS & SON (Derby) LIMITED 
ALL SAINTS WORKS - DERBY 


Telephones : Derby 45403/4 & 45740 


ven yevnvvvUvUvUUivuudvvenaveyangeeneneeeeeneneenenenndnnn44444unnnennensnnnnngnengnngereeeeeeeneeepnUEUOEROEOROEOOOUIUUUUUUUULUOUOUOOUOQONONONNO0NONeOeMonnoanene nena 


Telegrams : Davis, Derby 


HUTHOVOUVASA vA tvUvceetoet eccentric tect, een 


ELECTRICAL EQUIPMENT 


including :- 
Automatic Carbon Pile 
Automatic Voltage W 
, Voltage Regulators 
Regulators 


Rotary Transformers 
and Convertors 


High Frequency 
Alternators 


Literature sent on request 


Transistorised 
version to give 
+ or'— 05% control 


NEWTON BROTHERS (DERBY) LIMITED — 


ALFRETON ROAD - DERBY 


PHONE: DERBY 47676 (4 LINES) GRAMS: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY W.C 2 
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| above or below (Eig 
the ground... 
TWICE a 
ils 


EFFICIENCY 


HENDREY 
BOREHOLE LOGGING 
EQUIPMENT 


Readily portable, and 
easily carried by two men, TS. 


this equipment is designed T NN, 
for use in the location, 


estimation and control of 
mining, of radioactive 
minerals and for more 
general stratigraphic 
measurements at lower 
radioactivity levels. Bore- 
holes in excess of one inch 
may be explored and full 
facilities are provided for 
obtaining a permanent re- 
cord of the gamma flux 
profile in exploratory bore- 
holes. 


The Spark Recorder 


| 
j 


as 
i oe 


o¢ 


onan |e 


Pr 


e 


ae 


The Measuring Head 


For full details and 

Specifications ask for 

Catalogue Sheet Nos. 
EA 


ommot | Al, A2 & A3 


— 


CHIEF FEATURES ARE :— See the Hendrey Relay range at the 
@ A high level of accuracy, usually better than 1% overall, and 1.E.A. EXHIBITION, OLYMPIA, 23-28 MAY 
e . , 


good long term stability. 
STAND No. CII3 


@ Low cost —less than a quarter of the price of an equivalent 
conventional network analyser. 


Universal units each represent a wide range of network 
element, thus reducing the diversity factor. Hendrey Relays The winch with Junction 
x attached 


Ease and precision in setting up. 


F. C. ROBINSON HENDREY RELAYS LTD., BATH ROAD, SLOUGH, BUCKS. 


AND PARTNERS LTD. Telephone : Burnham 609/61! 
: ;: MANUFACTURING ELECTRICAL ENGINEERS 
Councillor Lane Cheadle Cheshire CONTROL AND LABORATORY APPARATUS 


Telephone: GATley 2469 and 4020 On Admiralty, Principal Ministries and Post Office Lists, A.I.D. and A.R.B. approved 
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WESTON 


moving coil panel Instruments 


are now available 
with SQUARE FRONTS 


fs 
ei 
e wre 


Complementary to the existing ranges of round, 
rectangular and edgewise instruments, this new series 
has been introduced for use on equipment where 
square fronted instruments are preferred. 


Ay 
asa. 
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3 sizes are available with flange dimensions 
of 2.25”, 3.187” and 4.50” square. 

For further particulurs including ranges, 
write for details of Models $.219, $.220, 
$.221 and S.236. 


x 
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SANGAMO WESTON LIMITED 
ENFIELD, MIDDLESEX 


\ 
ie 
48 


j 
Sh 


Tel : Enfield 3434 (6 lines) &1242(6 lines) 
Grams: Sanwest, Enfield 
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up Sopting point: 


* Well-proved design. 


s, etc. 
* Up-to-date folded section 
construction. ‘ 
Datum 
*% Rack tappings to suit 
British, U.S. and Conti- 
nental equipment. a . 
are engineered to your requirements 
* Identical front and rear 
frames. In the finest quality zinc-coated steels and finished 
# Unit doors of any size on in high-relief hammer stove enamel; other finishes 
front or rear. available to your own particular specification. 
tae * Cooling by blower, extrac- Delivery period for most standard 
} tor fan or natural convec- . 
tion without modification to Racks is seven day m 
rack. 
BUCKS. 
A member of 
METAL PRODUCTS LTD. 
j COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
WATFORD - HERTS GROUP 
Telephone: Watford 22351 Telegrams: Datum, Watford 
1960 CONTROL May 1960 
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WORLD FAMOUS FRACTIONAL " 
nl 
HORSE-POWER GEARED MOTORS . 
« 
ae 
w 
n 
e SERIES WOUND GEARED SHADED-POLE INDUCTION ? 
j MOTOR—Type ‘K’ GEARED MOTOR—Type ‘FA’ le 
; R.P.M. — TORQUE | R.P.M. — TORQUE R.P.M. — TORQUE R.P.M. — TORQUE 4 
i 600 10072. in. | 37.5 41b.in. 216 4 oz. in. 13.5 24 oz. in. 
i 300 160z. in. | 25 4 Ib. in. 108 7oz.in.| 9 300z.in. , 
§ 150 240z.in. | 18.8 4 Ib. in. 54 100z. in. 6.7 35 oz. in. : 
i 100 32o0z.in. | 12.5 4 Ib. in. 36~=s- 112. 072. in. 4.5 4407. in. 4 
i 75 360z.in.| 9.4 4b. in. 27~=—-:15 oz. in. 3.35 3 Ib. in. 4 
i Output-shaft has 12 50 3Ib.in.| 6.25 4 Ib. in. 18 20oz.in,! 2.25 4 Ib. in. ' 
‘ positions. ° 
i Integral Wormgear 8 
Reduction. VARIABLE SPEED GEARED CAPACITOR INDUCTION I 
Ventiiened — Delp MOTOR—Type ‘KQ’ GEARED MOTOR—Type ‘N’ ’ 
Proof. a 
R.P.M TORQUE R.P.M. — TORQUE R.P.M.— TORQUE | R.P.M. — TORQUE 
Vacuum Impreg- 4 
nated Windings. 200-600 9oz.in. | 12-37.5 4 Ib. in. 456 8oz.in.| 28.5 3 1b. in. 
Dynamically bal- 100-300 16 oz. in. 8-22 4 Ib. in. 228 =13 oz. in. 19 4 Ib. in. i 
oe 50-150 200z.in. | 6-16.5 4 Ib. in. 114 2iozin.| 14.2 41b. in. ‘ 
32-100 320z.in.| 411 4b. in. 76 26oz.in.| 9.5 41b. in. ' 
25- 75 400z.in. | 3- 8.25 4 Ib. in. 57 320z. in. 7.1 4 1b. in. ! 
16- 50 480z.in.| 2- 5.5 4 Ib. in. 38 4407. in. 4.75 4 1b. in, 
‘ 
4 
CITENCO LIMITED 
(Dept. C58) 
MANOR WAY ~- BOREHAM WOOD - HERTS - ENGLAND ' 
Telegrams: Citenco Borehamwood. Telephone: Elstree 3666-7-8 | 





Pre-determining Counter with 
Auto-reset 






















B Single Digit Counters which 

can be assembled in groups. 
Forward or backward count- 
ing. Auxiliary contacts for pre- 
determining. 


Cc Electrical Reset High Speed 
Counters 
















Our range of counters offers in the most compact 






Instantaneous Manual Reset 
High Speed Counters (10 or 
25 impulses per second) 


form types for all requirements. The total full 








Send for full details of 
the above and other 
counters in our range to 


THE STONEBRIDGE 
ELECTRICAL CO. LTD. 


6 Queen Anne's Gate - London - $.W.1 
Telephone: TRAfalgar 1444 


size width of the group above is only 6 inches. 
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y ad vertise- 


simply tick the appropriate numbers 


y advertise- 


simply tick the appropriate numbers 
May 1960 


May 1960 
May 1960 


editorial item, simply tick the appropriate numbers 
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No Postage ; 
stamp 


if posted in 
Great Britain 







Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-79 Charlotte Street, 
London, W1 

England 


Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-79 Charlotte Street, 
London, W1 

England 


Business Reply Foider Licence WD 1823 
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NOW additionally offer: 
MULTI-PURPOSE 


PHOTO-ELECTRIC CONTROLS for: 


Conveyor Traffic Control. Machinery Safeguards. 
Long RangeProtection. Inspection. Sorting or Counting. 


+ SMOKE DENSITY INDICATORS 

* LIQUID LEVEL CONTROLS 

4’ ELECTRONIC TIMERS 

*% HIGH TEMPERATURE 
PHOTOELECTRIC PYROMETERS 

STAND Q726 |.E.A. EXHIBITION 





FIREYE CONTROLS COMPANY LTD. 
14 FETTER LANE, LONDON, E.C.4 


TELEPHONE FLEET STREET 667 TELEGRAMS: FIREYE CENT LONDON CABLES. FIREYE 


WORKS BEODINGT N FARM ROAD PURLEY WAY CR YOON 
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THE 
ELECTRONIC INDUSTRIES 
SOLDERING TOOL P 
ototherm ke AIDCOLA 
TRANSISTOR AGE etc. (Regd. Trade Mark) 





MERCURY-IN-STEEL ELECTRIC SOLDERING 







TEMPERATURE INSTRUMENTS EQUIPMENT 
= DIAL THERMOMETERS eee inall VoltRanges 
for Industrial purposes rom 


6/7 to 230/50 Volt 
with elements 
Insulated from Earth 













DIAL THERMOMETERS 


for Diesel engine use 


INDICATOR 
CONTROL 
THERMOMETERS 


with Electric Contact Head 
MAX. or MIN. | 












A PRODUCT FOR 
PRODUCTION 
Designed for continual 

















INDICATORS ODEL use on bench line assembly 
(Cat. No. 70) 
a PROTECTIVE 
on tens BRIT. FOREIGN PATS. AND 
TEMPERATURE (Cot. No. 68) 





REG. DESIGNS ETC. 
Standards approved in 
all leading countries 


RECORDERS 


Single or Dual Pen 
Fixed or Portable Models 


TEMPERATURE 
CONTROLLERS 
indicating and Non-indicating 


VISIT STAND No. Q729 


Grand Hall Gallery at the 
1.E.A. Exhibition, Olympia 
23-28 May, 1960 















Catalogues 

Head Office, Sales & Service 
ADCOLA Products Ltd 
GAUDEN ROAD 
CLAPHAM HIGH STREET 


LONDON SW4 
Also a full range of BI-METAL and VAPOUR PRESSURE Temperature Instruments 


Write for details Telephones 
THE BRITISH ROTOTHERM CO.LTD. MACaulay 3101 & 4272 
Merton Abbey, London, S.W.19. Phone: LiBerty 766] (6 lines) ee —_—_—— = — 
Nottingham Factory: Hollis Street, New Basford. Phone: 77847 on reply card for further details 
TTT TL . en . 
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Size Range 
10 B.A. to 


STAND D171 a ay iss 
1.E.A. EXHIBITION l— Satihectorily meee 





the following require- 
ments: Corrosion Resis- 
tance, Non-Magnetic, Excellent 
Electrical Conductivity, High 
Tensile Strength up to 85 tons 
per sq. in. Prevents damage to sur- 
faces to be locked together, Made 
to Admiralty Signal and Radar Estab- 
lishment Spec. A.110000—Approved 
by RAE/RSP. 318 & RCL. 224. 
Supplied G.C.Q., A.I.D. or A.R.B. Released 


Prices and Samples on request. 


Formerly marketed by 
DAVID POWIS & SONS LTD. 


SPEAR ENGINEERING CO. LTD. 
WARLINGHAM - SURREY THOMAS HADDON & STOKES LTD - DERITEND - BIRMINGHAM I2 
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CONTROL 


BUYERS’ GUIDE 


TO MANUFACTURERS AND SUPPLIERS 





The CONTROL BUYERS’ GUIDE for 1960 lists more than 
1200 firms manufacturing every kind of control system and 
component. Published annually it is your quick reference 
book for addresses and control engineering components. 


Please send me the Control Buyers’ Guide, for which | 


enclose 3/6 + 6d postage and packing. 


NAME 


ADDRESS 


ROWSE MUIR PUBLICATIONS LTD 
THE ROWSE MUIR BUILDING, 
CHARLOTTE STREET, LONDON, WI 
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THE TREND TOWARDS 


MINIATURISATION 














To meet the increasing 
demand for miniaturisation 
combined with accuracy, we are 
producing nighly stable precision wire- 
wound resistors of minute dimensions to 
standard specification. Please write for further details 


@ DIMENSIONS #" long by 4,” diameter. Axial leadouts 20 s.w.g, 
tinned copper wire 2}” long. 


@ Standard Tolerances set at 20°C.: 1°, 0.5%, 0.25% and 0.1% 


@ ANY VALUE can be supplied in the Resistance Range 100 
ohms to 500K ohms. 


@ Rating } watt. 


@ Guaranteed Temperature Coefficient better than 0.002%, per 
°C. over the whole resistance range. 


@ Specially selected wire is sealed against humidity in a resin 
which can withstand temperatures of over 150°C. 


@ Precision Component designed and manufactured for con- 
sistent accuracy. 





Standard products include 2W, 1W, }W and {W precision wirewound 
resistors in the range 0.1 ohms to 10 megohms. Higher values can 
also be produced to order. 











We are exhibiting on 


STAND F268 


at the IEA Exhibition, Olympia 





A COMPONENTS LTD. 


551 HOLLOWAY ROAD, LONDON, N.19 
Telephone: ARCHWAY 0014/5 






261 












Tick No 234 on reply card for further details 


Small in size... 


but “ELLIOTT-ACCURATE”’ 


The introduction of these three 


new models completes the famous 


Elliott range of miniature instruments. 


Small in size . . . crystal clear in 


indication and consistently Elliott-accurate! 








SINCE 1880 


Makers of Precision Gears 
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All types up to 8’ diameter 
10 to 64 D. P. 


Send your enquiries to:— 
OUR NEW FACTORY 


G. W. EVERY & SONS LTD. 
FIRST AVENUE, 


DENBIGH ROAD, 





Electrical Measurement Division 


BLETCHLEY, BUCKS 
































ELLIOTT BROTHERS (LONDON) LTD 


Century Works, Lewisham, London, SEI3 


ZY. member of the Elliott-Automation Group 


T 
Hideway 2/1 
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STROKE LENGTHS 
Up to 9 inch for 


TWO RESISTANCE 





Single and multi-gang. 
Type LP2 


PENNY & GILES 


MUDEFORD « CHRISTCHURCH * HANTS 
TELEPHONE HIGHCLIFFE 2855 


RECTILINEAR 
POTENTIOMETERS 


FOR REMOTE INDICATION AND 
RECORDING OF DISPLACEMENT 


Type LP 2 


Up to 24 inch for Type LP 1 


ELEMENTS 


AMBIENT TEMPERATURES 
Available for use in the following ranges 
—50°C to + 85°C 
—50°C to +150°C 
—50°C to +250°C 


RESOLUTION of 0-001 inch can be achieved 
WRITE FOR DATA SHEETS 


Also manufacturers of potentiometers in size 11 
and size 15 synchro mountings. 


Single and multi-turn. 








Telephone: Bletchley 2476 





Tick No 237 on reply card for further details 


1.E.A. Exhibition 








G. A. PLATON LTD. 


EERIE 





Olympia 23rd-28th May, 1960. 
Stand G. 317 


Prototypes of new Flostat 
developments. 


Examples of novel schemes of 
automatic flow control. 


The full range of Flostat flow controllers 
and flow governors. 


The two new Flostat Minors. 


Gapmeters—including recent 
additions to the range, also 
special adaptations. 


Flo-scan photo-transistor flow alarm. 
Flow control advisory service. 


Photographs, drawings and specimens 
of Instrument Panels, Plant Layouts 
and Equipment designed for 
specialised applications. 


323a, Whitehorse Road, 

Croydon, Surrey. 

Telephone : THOrnton Heath 1631. 
Telegrams : GAPMETER, CROYDON. 
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Tick No 238 on reply card for further details 


Problems? 





could Screen Printing 


solve them? 


As Europe's leading supply house we 
offer a complete service to industry. 
Our range of hand, semi- and fully 
automatic machines can handle any- 
thing from transistors to 20 ft. banners. 
Our technicians will be pleased to 


discuss your problems. 


IMPORTANT 


We publish a regular bulletin to our 
industrial customers, giving details of 
the latest developments in Screen 
Printing. If you use, or are contem- 
plating using, Screen Printing please 
make certain that you are on our 
mailing list. 


SCREEN PROCESS SUPPLIES LIMITED 


WALHAM HOUSE - WALHAM GROVE - LONDON SW6 FULham 9555 
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Tick No 239 on reply card for further details \ 
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POST OFFICE TYPE 
3,000 and 600 RELAYS 


Specialists in tropical and Services jungle finish. 
Guaranteed to full A.I.D. and I.E.M.E. standards, 


e 


Prompt Deliveries. Prototypes within 24 hours. 


Approved by the Admiralty, Post Office and U.K.A.E.A._ All relays 


guaranteed made in our own works. P.T.F.E. insulation now available 


Manufacturers to H.M. Government Departments and leading Contractors 
L. E. SIMMONDS LIMITED, BYRON ROAD, HARROW, MIDDX. 
TELEPHONE: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 





* Tick No 240 on reoly card for further details 
PRECISION GEARS 

GEAR HEADS 
MECHANISMS 

PRECISION INSTRUMENTS 














SPURS, HELICALS 
MITRE, RATIO BEVELS 
SPROCKETS, RACKS 
WORMS, WHEELS 
REDUCTION BOXES——> 





SMALL PRECISION GEARS 
UP TO ADMIRALTY CLASS | 
NORMAL RANGE 24 TO 100 D-P. 
IN ANY RECOGNISED MATERIAL 





WRITE FOR OUR BROADSHEET. 
| CONSULT US FOR THE SOLUTION 
OF YOUR GEAR PROBLEMS 


SH Muffet Ld. 


MOUNT EPHRAIM WORKS 
ROYAL TUNBRIDGE WELLS KENT 
| A.D. APPROVED Tel.: 20231-2 
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Tick No 241 on reply card for further details 


RELAY USERS 


“ GORREX” 
TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran- 
teed. 


Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. CARR & GO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.1 
Telephone TERMINUS 8866 (P.B.X.) 


Tick No 242 on reply card for further deta:ls 


ENDECOTTS 


TEST SIEVES 


3 POCKET A 
at INTERCHANGER + 
* SIEVES fF: 


‘ENDROCK’ # 
TEST SIEVE # 


ec, 


WoL 


TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


We operate a Recovering Service 


Cons'stent mechanical action — 
saves valuable time of skilled personnel 


ENDECOTTS (Fitters) LTD. Phone: LIBerty 8121/2/3 
Dept.E. Lombard Road, London, $.W.19. Groms: Endfilt, London 
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Tick No 243 on reply card for further details 


PREDETERMINED BATCH 
COUNTERS 


IMPULSE 
REVOLUTION 
STROKE 


COUNTING 


All types available for : 
Electrical or mechanical zero reset. 


Predetermination of 1, 2 or 4 independent 
circuits during single counting process. 


Projection of flush mounting. 


Also: 
PRINTING AND INDICATING COUNTERS 
over 300 types 


RADIATRON _ tcinono, sumer 


Telephone: RICHMOND 3285 


Tick No 244 on reply card for further deta Is 


If you demand 

air-cylinders 

which are... 

Made entirely from non-corrodible materials. 
Designed to include extra-stiff piston rods 
when required. 

Fitted with replaceable bronze rod bearings, 
protected by external wiper seals. 

Available cushioned or non-cushioned from 1” 


to 14” bore, in 9 different mountings and 
strokes up to 12 feet. 


then you will want to fit. 


MIDLAND |B 


PN EUMATIC LTD Also complete range 


: of PILOT VALVES, 
NEW CROSS: WOLVERHAMPTON) ContRoL VALVES 


and FITTINGS 
Write for comprehensive catalogue giving full details. 
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Tick No 245 on reply card for further details 


BECKMAN HELICAL Tee , 
WAHL ae 


Engineers the world over 





Manufactured in the Beckman Modern Factory in Glenrothes, Fife, Scotland, and 
Distributed by WINSTON ELECTRONICS LIMITED. 
A one turn to 40 turn Precision Potentiometer now available for every requirement. 
HELIDEL DELAY LINES. DUODIAL TURNS COUNTING DIALS. DIGIDIAL TURNS COUNTING DIALS. 


ome typical examples of Helical Potentiometers 








SERIES i eh ah Xv AJ(7220) B L(5700) 
















































































“Number ofturns .. 10 10 a 1 
Diameter, inches at 1-13/16 7/8 3-5/16 
Length of case, inches 2 1-1/2 2-13/16 1 
Shaft diameter, inches (nom.) 8 1/4 1/8 1/4 1/4 Bi 1/4 
Coil length, inches (approx.) 46 18 140 5 8-2 
+4 +10 +4 
Mechanical rotation 3,600° —0 3,600° —0° 5,400° —0° 360° Cont 360° Cont 
i ti F T fares +4 se 10 +4 
Electrical rotation .. ws 3,600° —0 3,600° —0 5,400° —0° 356° +1 358°+1 
Resistance range, ohms... 5 to 450K 25to 100K | 40 to | meg 35 to 80K 50 to 163K 
Best pract. resist. tol. (a) 1% +2:5% +1% +1% +1% 
Best pract. linearity tol. (b) +0-05% + 0-05% +0-01% <2000 i1% <5090+1% +0-1% 
‘ _— > 2000 +0-25% |>S5K 00-15% 
Max. noise millivolts (c) .. 250 250 25 100 100 





Watts at 25°C ambient (d). . 69 2°38 
Watts at 40°C ambient oe 5 2 10 













a 











9 

5 

Weight, oz. (approx.) ae 44 1 13 5-9 
Max. starting torque, oz. in. 2 0-7 2:7 1-3 
Max. running torque, oz. in. 1-5 0-6 2 0-5 
Moment of inertia, gm., cm* 18 0-3 200 8-6 















Max. taps .. és ii 28 32 80(e) 33 
Min. distance between taps 20°+1 45°42 15°+1 1° 
Max. ganged sections be 3 | consult factory 

Life expectancy, shaft revs... > 2,000,000 > 2,000,000 2,000,000 















Telephone: Walton-on-Thames 26321 
Telegrams: “Winston, Shepperton” 





WINSTON ELECTRONICS LIMITED, Govett Avenue, Shepperton, Middx. 


ON 15 SEPTEMBER 





CONTROL's first INDUSTRY GUIDE AND DIGEST 















will be published. As well as summarizing the 
year’s new and important control systems, 
components and instrumentation, 


it will include a revised and enlarged 





Buyers’ Guide, and the first-ever specialized 
Who's Who 


in the field of control engineering. 


FOR ADVERTISING RATES AND SUBSCRIPTION DETAILS 
WRITE OR PHONE 
ROWSE MUIR PUBLICATIONS LIMITED 
THE ROWSE MUIR BUILDING, 
LONDON W.1. MUSEUM 8252 





77-79 CHARLOTTE ST., 







BUYERS’ GUIDE 
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CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES:— 


LINEAGE ANNOUNCEMENT RATES:— 
COPY DATE:— 


ASSOCIATED ELECTRICAL 
INDUSTRIES LIMITED 
INSTRUMENTATION DIVISION 
HARLOW, ESSEX 


PROCESS OPTIMISATION 


Engineers with an appreciation of 
Statistical Methods and capable of 
original thought are required to 
carry out Optimisation Investiga- 
tions on Industrial Processes. 


A Mathematician is required to 
devise the necessary computational 
procedures and to prepare or 
supervise the preparation of Digital 
Computer Programmes. 


Each investigation will involve 
obtaining an understanding of the 
Process under study; formulating 
a programme for the investigation; 
making the necessary Process mea- 
surements using data-logging equip- 
ment; analysing the results using a 
digital computer and producing a 
specification for an optimum con- 
trol scheme which may include a 
Process Control Computer. Previ- 
ous experience in Chemical Engin- 
eering, Control Engineering or any 
work on Industrial Plant will be 
useful. 


If required, housing for rental may 
be made available in Harlow for 
the successful applicant. 


Written applications, which will be 
treated in strictest confidence, must 
include full details of age, quali- 
fications, experience and present 
salary, and should be addressed to 
The Personnel Officer, A.E.I. 
Instrumentation Division, P.O. 
Box 1, Harlow, Essex. 


WORKS ENGINEER 
required for progressive company 
manufacturing industrial 
ELECTRONIC INSTRUMENTS 
Applicants must have experience of 
manufacture of electronic and electro 
mechanical equipment and a sound 
knowledge of production engineering 

techniques. 
Attractive salary. Excellent prospects 
for advancement. Age 30/45. 

Apply to: Works Manager 
FIELDEN ELECTRONICS LTD. 
Paston Road, Wythenshawe 
Manchester, 22 


1 insertion 40/- per single col. inch 

6 insertions 38/- per single col. inch 

12 insertions 36/- per single col. inch 

4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 

1/- extra will be charged 

Advertisements for June issue to be received not later than 27th May, 1960. 


SITUATIONS VACANT 


Hawker Siddeley Aviation 


LIMITED 


Senior vacancies exist in the Electronics Department at the Chadderton Factory of A. V. ROE 
& CO. LTD. These vacancies occur as an outcome of advanced work on development and 
application of Analogue Computers. 


Candidates must have a Degree in Physics or Electrical Engineering or professional qualifications 
in Electrical Engineering and preferably have had experience in one or more of the following fields: 


Analogue Computer Systems 
D.C, Amplifiers 

Servo Systems 

Transistor Circuits 


The Company has a long history of success with Analogue Computers and is constantly seeking 
new applications and improved designs. The laboratory is equipped with up to date instrumentation 
and every opportunity exists for exercising individual initiative. 


Applications quoting Ref. R.115/C should be addressed to:— 


The Personnel Manager, 


A. V. ROE & CO. LIMITED, 


Greengate, Middleton, Manchester 


CONTROL AND SYSTEM APPLICATION ENGINEERS 
‘ENGLISH ELECTRIC’ 
STAFFORD 


The international and domestic demand for automatically controlled drive 
and process systems in heavy industry continues to increase. The Company’s 
team of engineers engaged on this work hold a leading position in the develop- 
ment and application of advanced techniques in the design of these systems. 


Design studies fall into the following specializations. We are however not 
only interested in senior engineers with experience in these fields, but also 
recent Graduates with potential and a keen interest in one of these studies. 


CONTROL ENGINEERING Design and development of comprehen- 
sive control schemes including the appli- 
cation of static switching devices. 


FEED-BACK CONTROL Design of control systems to meet a wide 
SYSTEM DESIGN variety of requirements, including systems 
using computers. 


APPLICATION ENGINEERING _ Functional analysis of process and speci- 
fication of machine anh comme rform- 
ance. Application of data handling 
systems to aid process control. 

TECHNICAL WRITING The compilation of operating and main- 
tenance instructions to enable the users 
to understand these systems and to satis- 
factorily operate and maintain the equip- 
ment. 

If you would like to visit Stafford to discuss these openings please write giving 

full details to Central Personnel Services, Marconi House, 336/7 Strand, 

London, W.C.2, quoting reference C 12960. F 
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SITUATIONS VACANT 


SENIOR DESIGN DRAUGHTSMAN 


A senior Design Draughtsman is required to head up a new Design 
Section to be established at our Reading Office for work in the general 
field of Industrial Control Instrumentation. 


This is a responsible appointment and candidates must therefore 
possess first-class basic engineering training and technical qualifications 
to at least H.N.C. (Mech.), further supported by several years’ design 
experience in light to medium precision mechanical /electro-mechanical 
engineering. 








Applications, stating full particulars of age, qualifications and 
experience and quoting Ref. 003, should be addressed to: 







The Personnel Manager, 
TEDDINGTON AIRCRAFT CONTROLS LIMITED, 
Cefn Coed, Nr. Merthyr Tydfil, Glamorgan 





























MONSANTO CHEMICALS LIMITED 
have a vacancy in London for an 
ASSISTANT 
INSTRUMENT ENGINEER 


Applicants must have had experience in detail application, specifi- 
cation, draughting, installation and operation of most modern types 
of industrial instruments. A knowledge of electrical relay control and 
signal circuits will be advantageous. A qualification in mechanical, 
electrical or instrument engineering is desirable. 


This post offers an excellent starting salary and career prospects, 
non-contributory pension scheme. 


Please send written applications, giving details of age, qualifications 
and experience to: 





DL 132, Personnel Department, 
Monsanto Chemicals Limited, 
Monsanto House, 

10/18 Victoria Street, London, S.W.1 

























The OVERSEAS ENGINEERING DEPARTMENT 
of the 
DUNLOP RUBBER CO. LTD., 


requires a first-class 


INSTRUMENT DRAUGHTSMAN 


to work in their BIRMINGHAM offices on the design and detail of INSTRU- 
MENTATION /CONTROL SCHEMES for processing plant. An attractive 
salary will be paid to the person appointed. 


Applicants should possess a HIGHER NATIONAL CERTIFICATE 
(ELECTRICAL OR ELECTRONIC), and have a wide experience of instru- 
mentation, including measurement and control of temperature, flow and 
pressure, 





















































This post will be pensionable to men under 44 years of age at the time of 
engagement. Those interested should write in confidence, giving age, experience, 
commencing salary expected and quoting reference OE/M, to: 








Staff Officer, Employment Department, 
Fort Dunlop, Erdington, Birmingham, 24 
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AMPHENOL 


Assistant 
Chief Engineer 





Amphenol (Great Britain) Lid. re- 
quire an engineer to take charge of 
design, development and _ inspection 
of Electronics Connectors. Previous 
experience in this field is essential. 
Apply in writing stating full details 
of age, experience and salary required 
to the Chief Engineer, Amphenol 
(Great Britain) Ltd., Victoria Road, 
Burgess Hill, Sussex. 


INSTRUMENTATION 
RESEARCH AND 
DEVELOPMENT 





the manufacturers of DON brake and 


clutch linings offer a senior and permanent 
position in their expanding Technical Divi- 
sion, The position calls for a man with an 
electrical engineering or physics background 
who has practical ability to develop test 
equipment, instrumentation and _ special 


techniques in which control circuitry plays 
an essential part. The successful applicant 
will be a man with appropriate experience 
and training who can work both as a mem- 
ber of a research and development team 
and also with the minimum of supervision. 
He will be given every encouragement to 
progress his own ideas and to develop the 
Physics / Instrumentation Laboratory for 
which he will be responsible. Applications 
are invited from Engineering or Physics 
graduates and men with equivalent qualifi- 
cations and suitable experience. A know- 
ledge of electronics would be an advantage. 
A good salary will be paid commensurate 
with qualifications, age and experience. Full 
details in the first instance should be ad- 
dressed to the Personnel Officer, Small & 
Parkes, Ltd., Hendham Vale, Harpurhey, 
Manchester 9. 





SENIOR SALES 


EXECUTIVE 


Hilger & Watts Limited, 98 St. 
Pancras Way, London, N.W.1, invite 
Physicists and Electrical Engineers 
with sound commercial experience 
to apply for this post, which offers 
a challenge to a man _ combining 
enthusiasm with tact and experience. 
The successful candidate will be 
responsible to the General Sales 
Manager for the co-ordination of 
the work of a Sales Department 
handling a wide range of optical 
electronic scientific instruments. Tech- 
nical and commercial experience as 
applied to the sale of technical capi- 
tal equipment in world markets are 
therefore equally important. 


Write fully in the first instance to 
the Chief Personnel Manager 


DESIGNER/DRAUGHTSMEN required 
for hydraulic and pneumatic valves. 
H.N.C. standard. Isleworth area. Appli- 
cations with full details and salary re- 
quired, Box C127 






SAVE YOUR COMPANY’S TIME 
(and your own! ) 
by telephoning 
MUSeum 8252 
for prompt insertion of 
classified advertisements 

































CONSULTANTS SHEET METAL WORKERS 


Cc. & C. PRODUCTS Ltd. 
| SUPPLI ES & SERVICES sult— Precision and General Sheet Metalwork 


| role ae oe wee! sale 
SECTION | Sa BRIGGS Cabinets” een (80 tons), fo 


fc. works, Press Brake (10 ft.), Tool Boxes, 
Row "ae and Special Metalwork to Requirements 


a . Station Rd., Merton Abbey, Lond 
CAPACITY AVAILABLE =e ~ sal S. w.19 "Cueraeed 373 


BUSINESS OPPORTUNITIES | | iy) Tel-URMston 6121-2 ee eae 
CONSULTANTS 





PRECISION 


SHEET METAL 
SPECIAL EQUIPMENT ADVICE ON INSTRUMENTS WORK 
of any manufacture 


TELEPRINTERS ° ° 


PERFORATORS Special Instruments _ built Specialists in the manufacture 
REPERFORATORS — a ae of Prototype Electronic Instru- 


TAPE READERS | 7 ment Cases, Chassis and Panels. 


Terminals and V.F. Telegraph multi- Exhibition equipment and : 
channel units; Testing Equipment. Wooden Instrument Cases Also Oxy-acetylene, Arc and 


Test Frames, Telephone Carriers and to specification Argon-arc Welding, and the 
epeaters ignailing ectihers anc o o nate . 
Relays, Transformers, Transmit and LLOYD INSTRUMENTS LTD fabrication of all metals. 
Receive Filters; Repeatingand Retard- | — : “si —— s 
come Come; Backs, Somy Boers, = Se Ee Gates Contractors to H.M. Government 
Uniselectors, Remote Control Trans- Woodford Green, Essex DGI. A , red Nu b 5068/51 
mitters, British, American, and Ger- | Telephone: BUCkhurst 2745 ee ae atts - 
man Equipment. ; F * 
—— & _~ GAIETY WORKS, | ————$———————— F. W. EDWARDS & SON 

Tee TRING isd ena oD Witley Works, Witley Gardens 

——— Southall, Middlesex 
CONTACTORS 
SPECIAL SERVICES SOUthall 3704 and 5233 


JOHN BAGGS aa ee 
, hs nde tedee MACHINING CAPACITY, for small 








MERCURY SWITCH | precision turning, Vertical and Hori- 
CONTACTORS zontal, Milling, etc. Prototypes and Spe- 


cial Purpose Machines. Press Tools, Jigs 
S <0, RELAY Wonks. and Fixtures. S. & H. Bryant & Co., HARRIS & TEAR LTD. 
JOHN BAGGS fercamict, ocbuan, LANcS. 284 High Road, Willesden, N.W.10. Tel. 24 EBENEZER STREET, 


Telephone: “Seddionerts 217 WIL 2323. LUTON, BEDS. 


SOLENOIDS Precision work in all sheet metals 
. . . . production runs 


P H | a - T R O L Prototypes a speciality for 
the Aircraft and Electronics 
S O L E N O | D S Industries 


New 6 Page Leaflet (No. 108) now available. Approvals A.R.B. Ref A.I./5359/57 
Covers small and medium solid core types and D.G.I.M.O.A. 10027 
including new types 45, 35, 36 and 37. Telephone: LUTON 4552 





Send for your copy now 


Quick Delivery Solenoids are normally despatched same day as Pip of order 


PHILLIPS CONTROL (¢. B ) ITD. : on WOODWARD & BARUGH Ltd. 
seen . ; 
phone: Farnborough 1120 Sheet Metal Engineers 
Specialists in the manufacture of 


Prototype Electronic Instrument 
RELAY SYSTENS Cases, Chassis and Panels. 


| See oS Argon arc, oxy-acetylene, 
a ~~ . te 
‘ mS 2 aluminium spot welding 
' : ; iis Contractors to H.M. Government 
e ug-in i. A.1.D. and A.R.B. Approved 


enn , PREMIER PLACE, HIGH STREET, 
Relay System 4 <x J ~ a S.W.15 


The most highly developed 
Relay System available 


STAND | 
B 76 


TIME RECORDING SERVICE 


SS FACTORY TIME RECORDERS. Rental 
bed Ld LEA 7 service. Phone, Hop 2239. Time Recorder 


INDON ROAD, HOUNSLOW, MI Supply and Maintenance Co., Ltd., 157- 
HOUnslow 6266: 6267 & SHIRT TIOe 159 Borough High St., SE1. 
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SPECIAL SERVICES 


PRESSINGS IN ALL 
METALS 
up to 60 tons 
Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.1.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 
METAL COMPONENTS 
LTD 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 


We specialize in the machining 
of Components for the Elec- 
tronics Industry, in Molyb- 
denum, Nickel, Stainless Steel, 
Copper and Nylon etc. 


Also the manufacture of special 
purpose Machines and _ Jigs, 
Tools and Fixtures to your 
design or we can offer our own 
design service. 


HIGH CLASS WORK AND 
GUARANTEED DELIVERY 
DATES 


All enquiries receive prompt 
attention 


BLICK & WESTWELL Ltd. 
EARBY, 
Colne, Lancs. 
tel: Earby 2299 





CHASSIS AND PANEL 
WIRING 
a 
Experienced wirers can give 
prompt deliveries. 


One off and small quantity work 
welcomed. 


Coilwinding facilities available. 


a 
COILWINDING SERVICES 
Ruvigny Works, Ruvi Gardens, 
Lower Richmond Road. Putney, 

London, S.W.15 
Telephone : PUTney 2667 





Transformer Manufacturers 
Coil Winders 
Cable Formers 


a 
Electric Windings (London) Ltd. 
245 Mile End Road, London, E.1 
STEpney Green 5324 
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SPECIAL SERVICES 


IF you require high-class work 
with prompt delivery, may we 
please quote you? 

CAPSTAN turning up to 14” dia., 
Centre Lathe, Multi-spindle Drill- 
ing, Assembly, etc. 
ELECTRICAL CABLE FORMS 
to customers’ specification. 


CHARLES BERNARD & CO. 
LTD. 


721 North Circular Road, 
London, NW2 


Telephone: GLAdstone 4019 


EDUCATIONAL 


BATTERSEA COLLEGE OF 
TECHNOLOGY 
Electrical Engineering Department 


The fourth full-time postgraduate 
course in Control Engineering will 
commence on October 3, 1960. 

The Department of Scientific and 
Industrial Research has accepted this 
course as suitable for the tenure of 
its Advanced Course Studentships. 
Enquiries to: The Secretary (Automa- 
tic Control), Battersea College of 
on Battersea Park Road, 
London, S.W.11. 








EDUCATIONAL 


THE COLLEGE OF 
AERONAUTICS 


Department of Aircraft 
Economics and Production 


A Short Course on 


AUTOMATIC PRODUCTION 
& CONTROL 


will be held at the College from 


Monday, Lith July to 
Friday, 22nd July, 1960 


The course is intended to serve as 
an introduction to the subject of 
Automatic Control as applied to 
machine tools. Topics to be 
covered include basic control 
theory, components and actuators, 
and complete control systems; a 
large part of the course will be 
devoted to experimental work on 
components and machine tools. 
Fees for the course are £60 inclu- 
sive of full board residence. 
Further details and forms of en- 
rolment may be obtained on 
application to the Warden, The 
College of Aeronautics, Cranfield, 
Bletchley, Bucks. 


THE COLLEGE OF AERONAUTICS 
One Year Post-Graduate Course in Control Engineering 1960-1961 


Applications are invited for the one year course in Control Engineering 
which begins on 10th October, 1960. Prospective students must be of graduate 
status in an appropriate branch of science or engineering, or have attended a 
preliminary one year course at the College and. preferably, have had practical 


experience. 


The purpose of the course is to give instruction in the techniques employed 
in control engineering as applied in a wide range of industries. 


Students who complete the course satisfactorily will be awarded the Diploma 


in Advanced Engineering (D.A.E.). 


Further information and forms of application may be obtained from: 
The Warden, The College of Aeronautics, Cranfield, Bletchley, Bucks. 


THE COLLEGE OF AERONAUTICS 





One Year Post-Graduate Course in Flight Control 1960-1961 


Applications are invited for the one year course in Flight Control which 
begins on 10th October, 1960. Prospective students must be of graduate status 
in an appropriate branch of science or engineering, or have attended a pre- 
liminary one year course at the College and, preferably, have had practical 


ex perience. 


The purpose of the course is to give instruction in the techniques employed 
in the automatic control of all types of flying machine. 


Students who complete the course satisfactorily will be awarded the Diploma 


in Advanced Engineering (D.A.E.). 


Further information and forms of application may be obtained from: 
The Warden, The College of Aeronautics, Cranfield, Bletchley, Bucks. 
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Tick No 247 on reply card for further details 


MANUFACTURERS OF ELECTRICAL TIMING 


AND CONTROL APPARATUS 
* Range of fully automatic process timers for AC 
and DC. 


* Range of cam operated hand reset process timers 
for AC and DC. 


* Multiple contact and mercury relays for AC and 
DC. 

* Special purpose control 
requirements. 


Miniature automatic synchronous timer 
type ZX 1-12 continuously adjustable 
independent timing circuits with or 
without time setting dials. Timing 
ranges between 0-30 seconds and 0-28 
days. Switching capacity 10 amps at 
230 v AC. Overall dimensions of 2-cir- 
cuit unit 23” x 34” 7. 


panels to customers’ 


ELECTRICAL REMOTE CONTROL CO. LTD. 


HARLOW - 


ESSEX 


ADVERTISERS IN 


Adcola Products Ltd. 

A.D.S. Relays Ltd. 

Advance Components Lid. 

Advance Components Ltd. (Instrument Div.) 
105, 208, 

Advance Components Ltd. (Mains Stabilization 

Div.) 

A.E.[f. Ltd (Electronic Apparatus Div.) 

A.E.I. Ltd. (instrumentation Div.) 

A.E.1. Ltd, (Telecommunications Div.) 

A.F.S. Developments 

Airmec Ltd. 

Alexander Controls Ltd. 

Alma Components Ltd. 

Amphenol (Great Britain) Ltd. 

Anglo-American Vulcanized Fibre Co. Ltd. 

Armstrong Whitworth Aircraft Ltd.. Sir W. G. 

Arrow Electric Switches Ltd. 

Associated Transistors Ltd. 

Audley Engineering Co. Ltd 

Aveley Electric Ltd. 

Avo Lid. 


B. & R. Relays Ltd. 

Baird & Tatlock Ltd. 

Baldwin Instrument Co., Ltd. 

Beckman Instruments Ltd. 

Black Automatic Controls Ltd. 
Blakeborough & Sons Ltd., J. 

Bradley Lid., G. & E. 

Bribond Ltd. 

British Electrical Development Association 
British Electric Resistance Co. Ltd. 
British Federal Welder & Machine Co. Ltd. 
British Rototherm Co., Ltd., The 

Bryans Aeroquipment Ltd. 

Bulmers (Calculators) Ltd. 

Burgess Products Co. Ltd. 

Burndept Ltd. 

Burroughs Adding Machine Lid. 

Bush, Beach & Segner Bayley Ltd 


Cambridge Instrument Co. Ltd. 
Carr & Co., Ltd., James W. 
Chilton Electric Products Ltd. 
Citenco Ltd. 

Clare Ltd., C. P. 

Cockburns Ltd. 

Constructors John Brown Lid 
Coulter Electronics Ltd. 
Counting Instruments Ltd. 
Croydon Precision Instrument Co 


Datum Metal Products Ltd. 

Davis & Son (Derby) Ltd., John 

de Havilland Propellers Ltd. 121, 
C.E.V. Engineering Co. Ltd., The 

Dewhurst & Partner Ltd. 

Diamond H. Switches Ltd. 

Donovan Electrical Co. Ltd., The 

Drayton Regulators & Instrument Co. Ltd. 


Ekco Electronics Ltd. 

Elcontrol Ltd. 

Electrical Remote Control Co. Ltd. 

Electro Methods Lid. 

Electronic Associates Ltd. 

Electronic Components 

Elliott-Automation Ltd. 

Elliott Bros. (London) Lid 194, 

Elliott Bros. (London) Ltd. (Electrical Measure- 
ment Div.) 

Elliott Bros. (London) Ltd. (Process Control 
Div.) 

Elliot. Bros. (London) Ltd. (Panellit Div.) 

Elliott Bros. (London) Ltd. (Quality Control 
Instrument Div.) 

Elliott Bros. (London) Ltd. (Servo Components 
Div.) 

E.M.O, Instrumentation Ltd. 

Endecotts (Filters) Ltd. 

Engel & Gibbs Ltd. 

English Electric Co. Lid., The 

Epsylon Industries Ltd. 
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34 
60 
116 
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264 

92 
107 
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Ericsson Telephones Ltd. (Tube Div.) 
Ericsson Telephones Ltd. 

Ether Ltd. 

Ether Ltd. (Solenoid Valve Div.) 
Evershed & Vignoles Ltd. 

Every & Sons Ltd., G. W. 

Export Packing Service Ltd. 


Fafnir Bearing Co. Ltd. 
Ferranti Lid. 

Fielden biectronics Ltd. 

Fireye Controls Ltd. 

Firth Cleveland Instruments Ltd 
Foster Instrument Co, Ltd. 
Foster Transformers Ltd. 
Friedland Lid., V. & E. 


General Electric Co. Ltd., The 
General Precision Systems Ltd. 


Haddon & Stokes Ltd., Thomas 
Hagan Controls Ltd. 

Hairlock Co. Ltd., The 
Harrison & Co. Lid., Allen 
Hartons Installations Ltd. 
Hasler Telegraph Works Ltd. 
Hassett & Harper Ltd. 
Hawker Siddeley Group 
Hendrey Relays Ltd. 

Hilger & Watts Ltd. 

Hivac Ltd. 

H.M.L. Engineering Ltd. 
Honeywell Controls Ltd. 
Hydraulics & Pneumatics Lid. 


[.B.M. United Kingdom Ltd. 

Imhof Ltd., Alfred 

Ina Needle Bearings Ltd. 

Inertia Switch Ltd. 

Industrial & Commercical Finance Corporation 
Lid. 

Industrial Exhibitions Ltd. 

Insuloid Mig. Co. Ltd. 


Jones Tate & Co. Ltd. 


Kasama Electronics Ltd. 

Kelvin & Hughes Ltd. 

Kelvin & Hughes (Industrial) Ltd. 
Kent Ltd., George 

Ketay Ltd. 

Kodak Ltd. 

Kynmore Eng. Co. Ltd. 


Lancashire Dynamo Electronic Products Ltd. 


32, 33, 


l.ancashire Dynamo Nevelin Ltd. 
Lang Pneumatic Ltd. 

Laycock Engineering Ltd. 

Lewis Spring Co. Ltd., The 

Lock & Co. Lid., A. M. 

Londex Ltd. 

London Electric Wire Co. Ltd., The 
Lunds of Wandsworth 


Magnetic Devices Lid. 
Magnetic Valve Co. Lid., The 
Mansol Ltd. 

Marston Excelsior Ltd. 
Martonair Ltd. 

Maxam Power Lid. 

MBC (Office Systems Lid.) 
Microcell Ltd. 

Midiand Pneumatic Ltd. 
Midland Silicones Ltd. 
Muffett Lid., S. H. 
Muirhead & Co. Ltd. 
Mullard Ltd. 

Murphy Radio Ltd. 


National Cash Register Co. Ltd. 
Neoflex Ltd. 

Newmarket Transistors Ltd. 
Newton Brothers (Derby) Ltd. 
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Oliver Pell Control Ltd. 
Ouer Controls Ltd. 


Painton & Co. Ltd. 

Parmeko Ltd. 

Payne & Griffiths Lid. 

Penny & Giles 

Phoenix Telephone & Electric Works Ltd., 
The 

Pilot Plug Gauge Co. Ltd., The 

Plannair Ltd. 

Platon Ltd., G. A. 

Plessey Co. Ltd., The 

Plessey Co. Ltd. (Wiring & Connectors Div.) 

Polypenco Ltd. 

Pratt & Co. Lid., F. 

Pullin & Co. Litd., R. B. 

Pye Ltd. 

Pye Electric Ltd, 


Racal Instruments Ltd. 

Radiatron 

Radiospares Ltd. 

Radiovisor Parent Ltd. 

Rank Cintecl Ltd. 

Record Electrical Co. Ltd., The 
Reliance Mig. Co. (Southwark) Ltd. 
Research & Control Instruments Ltd. 
Robinson & Partners Litd., F. C. 
Rotameter Mfg. Co. Ltd. 


Salford Electrical Industries Ltd. 

Sangamo Weston Ltd. 

Saunders Roe Ltd. 

Saunders Valve Co. Ltd. 

Savage, Ltd., W. Bryan 

Schrader’s Son, A. 

Scientific Furnishings Ltd. 

Screen Processes Ltd. 

S.E. Laboratories Ltd. 

Semiconductors Ltd. 

Simmonds Ltd., L. E. 

Simplifix Couplings Ltd. 

Solartron Electronic Group Ltd., The 4 

4, 71, 72, 73, 

Solartron Electronic Group Ltd., The (Trans- 
ducer Div.) 

Southern Instruments Ltd. 

Spear Engineering Co. Ltd. 

Sperry Gyroscope Co. Ltd. 

Square D Ltd. 

Standard Telephones & Cables Ltd. 

Stanley & Co. Ltd., W. F 

Stonebridge Electrical Co. Ltd., The 

Stone-Chance Ltd. 


Taylor Controls Ltd. 

Taylor Electrical Instruments Ltd. 
Teleflex Products Ltd. 

Telehoist Ltd. 

Telephone Mfg. Co. Ltd. 
Telequipment Ltd. 

Texas Instruments Ltd. 

Thermo Control Inst. Co, Ltd. 
Thompson Ltd., J. Langham 
Thorn Electrical Industries Lid. 
Tinsley & Co. Ltd., H 


Vactric (Control Equipment) Ltd. 
Vickers Armstrong (Engineers) Lid. 


Wade Couplings Ltd. 

Wallace & Tiernan 

Waveforms Ltd. 

West Instrument Lid. 

Westool Ltd. 

White Dental Mfg. Co. (G.B.) Lid., The 
White & Riches Ltd, 

Williams & James (Engincers) Ltd. 
Winston Electronics Ltd. 
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